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INTRODUCTION 

It is intended in this paper to bring together evidence which 
has been accumulating during recent years as to the climate and 
general physical conditions of the Keewatin. Most of this evi- 
dence has to do with the sedimentary rocks of this age in western 
and northern Ontario, and a considerable part of it has been 
obtained by myself and my assistants in mapping the iron ranges 
of the province for the Bureau of Mines of Ontario. 

Not long ago the pre-Cambrian as a whole was looked on as a 
geological ‘‘no man’s land,”’ full of doubt and difficulty because 
of the obscurity of its relations. Now, however, the succession 
as far as the base of the Huronian has been worked out in detail 
in several areas of the pre-Cambrian in America; and we find that 
the source of these rocks and their general relations are entirely 
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similar to those of later, fossiliferous, series. The mystery has 
largely departed from them. 

So far as the Huronian or Algonkian is concerned everyone 
admits that the rocks, both sedimentary and eruptive, were formed 
like those of later times. It is true that the absence of fossils in 
the east and their great rarity in the West is a puzzle; but all agree 
that the pre-Cambrian seas were not so different from later waters 
as to be uninhabitable, and that forces at work in the Huronian 
did not differ materially from those which formed the Cambrian 
or later rocks. 

To have this brought concisely before one it is only necessary 
to read Van Hise and Leith’s late edition of the pre-Cambrian 
geology in North America, a work of admirable completeness and 
impartiality, summing up a literature of appalling dimensions. 
The former chaos has then been so far set in order that we find 
evidence in Huronian or Algonkian times of climates not unlike 
those of later ages, when wind and weather, flowing rivers and 
beating waves, and even great ice sheets did their regular work. 
In northern Ontario glaciers formed bowlder clay in lat. 46°, show- 
ing no hint of the action of primeval heat, such as the usually 
accepted version of the Nebular Hypothesis demands. 

But there is much less certainty and much less unanimity 
regarding pre-Huronian times. The Huronian is cut off from the 
underlying rocks by one of the greatest known discordances. 
During the interval left unrecorded in this great unconformity 
the previous rocks were raised into mountains, metamorphosed by 
the action of intrusive granite and gneiss, and then profoundly 
eroded. The proofs of this are to be found in the bowlders of the 
Huronian tillite, which include all the lower rocks in their present 
metamorphosed conditions; and in the hummocky plain formed 
from the previous mountain ranges which in many places underlies 
the little-disturbed Huronian. 

The world was already very old and had undergone many vicissi- 
tudes before the Huronian ice sheets began their work. What 
light can be thrown on the vast and vague pre-Huronian time ? 

Many geologists have been inclined to see in the underlying 
“basal complex,” or Urgebirge, portions of the earth’s original 
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crust or its downward extension. For example, Rosenbusch in 
the new edition of his Elemente der Gesteinslehre speaks of the 
crystalline schists underlying all later rocks as representing, at 
least in part, the earth’s erste Erstarrungskruste.* Like some 
others of the older geologists he still holds to the Nebular Hy- 
pothesis and looks on the basal complex as having been formed 
at the stage when the molten earth had so far cooled as to consoli- 
date on the surface, producing plutonic rocks and crystalline 
schists. According to this hypothesis it was still too hot to per- 
mit the condensation of water, so that no rivers or oceans were 
possible. 

Elaborate theories of continent- and mountain-building are still 
founded on this idea of the earth’s progressive cooling, and it is 
hard for geologists brought up like the present writer on the fiery 
diet of a Nebular Hypothesis as an introduction to historic geology 
to rid their minds of so firmly imbedded a prepossession. That 
astronomers also are afflicted with these bad dreams is plain from 
certain recent popular writings on the history of Mars as com- 
pared with earth. The conviction is however growing in the minds 
of many geologists that even the pre-Huronian or Archaean can- 
not be looked on as exceptional; that the Huronian basal conglom- 
erate means a break in time, but no break in the continuity of 
marine and terrestial processes; that the affairs of the world were 
conducted in the same way before this great interval as after it. 

Evidence of various kinds in favor of this will be given in sub- 
sequent pages. 

THE KEEWATIN ERUPTIVES 


“The basal complex’? of the western lakes region was split 
up many years ago by Lawson into the Laurentian granites and 
gneisses and the Keewatin, the latter looked on as consisting essen- 
tially of eruptives. In the original Keewatin region on Lake-of- 
the-Woods eruptive rocks are in great preponderance, though 
Lawson recognized the presence of subordinate amounts of sedi- 
ments, which will be referred to later. 

These eruptives are chiefly basic—now mostly transformed 
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into greenstones and green schists; but there are acid rocks in 
important amounts—quartz porphyries, felsites, etc., and their 
schists. In a number of places these eruptives were lava flows 
showing pillow and amygdaloidal structures, and often pyroclastic 
materials accompanied the outbreaks of lava. It is probable 
that most of the characteristic Keewatin eruptives were volcanic, 
though the squeezing and shearing they have undergone often 
obscure their origin as lavas or ash rocks. Undoubted plutonic 
rocks occur among these surface eruptives, but often they can 
be proved to be much later in age, since they have penetrated the 
other rocks and carried off fragments of them. 

There are also many dikes of both basic and acid rocks cutting 
the volcanics, and there were probably laccolithic sheets and 
masses invading them; but later mountain-building processes, 
connected mainly with the elevation of granite batholiths, have 
greatly obscured the relationships. While terrestrial lava flows 
and falls of bombs and ashes played the most prominent part in 
the formation of the Keewatin in many places, submarine lava 
flows may have taken place also, since the pillow structure is 
generally regarded as resulting from the action of water on hot 
lava streams. There is every reason to suppose that then as now 
there were volcanic eruptions both on land and from the sea bottom. 

Through what substratum these volcanic rocks came to the 
surface is unknown. At present they commonly rest on the 
gneiss and granite of the Laurentian—deep-seated eruptives of a 
later age, which have invaded and swept off fragments of the 
Keewatin rocks in ways showing that they were cold and solid at 
the time. The floor on which the lavas flowed and the volcanic 
ashes were rained down has generally vanished, though in places 
the volcanics rest on sedimentary schists or gneisses of the 
Couchiching, which will be described later. 

In most cases the old volcanoes themselves have disappeared, 
but the base of one of them, consisting of gabbro, anorthosite, and 
granite, has been described by Lawson, from Shoal Lake east of 
Rainy Lake. 

It was an age of intense volcanic activity, and the results were 
just such as we find in the Keweenawan and more recent eruptive 
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periods; though the rocks are of course far more altered by meta- 
morphism. 

The Keewatin of the states near Lake Superior is described as 
consisting almost entirely of eruptives such as have been referred 
to above, though bands of iron range rocks occur with them in 
Minnesota. President Van Hise and others therefore look on the 
Keewatin as essentially eruptive with the exception of the oldest 
iron ranges. 

It will be shown in succeeding pages that this is by no means 
true of the Keewatin of Ontario. 

KEEWATIN SEDIMENTS 

When Lawson began his study of the Lake-of-the-Woods region 
he was specially impressed with the wide-spread eruptives and ash 
rocks, though he found associated with them subordinate amounts 
of sediments such as carbonaceous slates and quartzites; and he 
defined the Keewatin as essentially an eruptive series. As his 
work extended eastward, however, he made the acquaintance on 
Rainy Lake of a great series of sedimentary rocks, to which he gave 
the name of Couchiching. 

The correlation committee which adjusted the terminology of 
the western Great Lakes region chose the name Keewatin instead 
of Couchiching for the whole series; so that the Keewatin as now 
defined includes both eruptives and sediments older than the 
Laurentian. 

By Lawson and later workers in northern Ontario it has been 
shown that every type of water-formed sedimentary rock is rep- 
resented in the Keewatin: limestones and dolomites, carbonaceous 
and ordinary slates, mica schist and gneisses representing more 
altered muddy sediments, quartzites, arkoses, and graywackes, and 
even conglomerates and breccias, though the last-mentioned 
rocks are not always easily separated from agglomerates, etc., of 
volcanic origin. 

With the exception of the Couchiching, most of these sedi- 
mentary rocks are not extensively developed in the region studied 
by Lawson; iron formation occurs only in small outcrops and 
remained unobserved in the hasty field work of early days. 
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In reality the iron formation is found in practically every Kee- 
watin area, always near the top of the series, and sometimes with 
a thickness of 1,000 or 1,500 feet. 

The iron formation differs so much from later sediments that 
some geologists regard it as something peculiar and apart, belong- 
ing perhaps to the earth’s earliest times and produced only under 
conditions very different from those of the present. It has been 
described, for instance, as a chemical sediment deposited in a hot 
sea where volcanic eruptions were taking place. So many specu- 
lations have been indulged in on this fascinating subject that too 
much space would be required to recapitulate them. 

In many places in Ontario, however, the iron formation is so 
closely associated with commonplace sedimentary materials, slate 
charged with carbon, arkose, and crystalline limestone, that one 
can hardly believe it to have been formed under peculiar condi- 
tions not repeated in later times. 

In any case the other sedimentary rocks, often covering large 
areas and with considerable thickness, must be looked on as normal 
products of conditions which have persisted ever since. 

In the following pages descriptions will be given of the chief 
Keewatin sedimentary rocks, and their distribution will be out- 
lined. As the iron formation, because of its economic importance, 
has been most carefully studied, it will be taken up first. 


THE IRON FORMATION IN ONTARIO 


In the states near Lake Superior the Keewatin iron formation 
consists mainly of jasper of varying colors closely interbanded with 
hematite, less often magnetite. Iron formation of a very similar 
kind has been found between the Vermilion range in Minnesota 
and Fort William on Lake Superior, and in smaller areas near 
Batchawana Bay, Lake Temagami, and in a number of other places 
in northern Ontario. More commonly in Ontario, however, the 
silica is in the form of chert, quartzite, or a sandstone-like aggre- 
gation of grains, while the interbanded iron ore is mostly mag- 
netite. Probably the differences are largely due to more exten- 
sive metamorphism in the latter as compared with the former type. 

In most of the regions of Ontario where the iron formation has 
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been carefully mapped and studied it includes also more or less 
siderite, or pyrite, or pyrrhotite, so that not the whole of the iron 
is contained in the oxides. 

There is, however, another variety of the formation which has 
received less attention, consisting of granular silica with little or 
no iron, but sometimes interbanded with gray or green schistose 
materials. This appears to be the common form in the far west, 
near Fort Frances on Rainy River, and near Kenora on the Lake- 
of-the-Woods. In these localities sandstone-like rocks are found 
quite extensively with the gray schists described by Lawson as 
Couchiching. It may be that the sources of iron ran out toward 
the west, leaving only the silica. 

The sandstone-like variety of iron formation, when first found 
by the present writer, was thought to be an ordinary sediment. 
It resembles a white or gray or brownish sandstone of even grain, 
and is often so loosely cemented that the rock may be crumbled 
in the fingers. Thin sections, however, show little or no clastic 
structure. The quartz grains are polyhedral individuals which 
have grown from centers until they met. Every transition may 
be found between these relatively coarse-textured varieties and 
the very fine-grained silica, often chalcedonic, of the jaspers. The 
quartzitic variety occurs in or near the eruptive granite of the 
Laurentian. In it the anhedra of quartz are firmly cemented 
together. 

As mentioned before, in most places in Ontario the silica and 
iron ore are accompanied by ordinary sedimentary material. In 
a number of thin sections sillimanite occurs, a silicate of alumina 
that must have been recrystallized from clay. On the east shore 
of Lake Nipigon, and in other places, the banded silica and mag- 
netite are interbedded with gray slate or phyllite and often pass 
gradually into this rock, which is, of course, a metamorphosed 
clay. Frequently also a few feet of black carbonaceous slate 
underlie the iron formation, as at the Helen mine, Michipicoten, 
and at Grassy Portage on Rainy Lake. 

At Goudreau Lake southwest of Missanabie, the iron formation 
contains a small amount of granular silica with magnetite, and a 
large amount of pyrite, the sulphide replacing the oxide; and 
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parallel with it runs a band of crystalline limestone 30 feet thick 
and more than a mile long. 

In the cases just mentioned sediments such as clay, limestone, 
and carbon were deposited with silica and iron oxide or sulphide. 
The carbon makes it altogether probable that sea weeds lived on 
the muddy bottom, so that the waters must have been cool enough 
for life and free from poisonous substances. 

In a number of places near Lake Nipigon the iron ranges include 
large amounts of arkose as well as the slaty rocks mentioned above. 
Thin sections present the usual angular or subangular fragments of 
quartz and feldspar imbedded in a finer grained matrix. The forma- 
tion of these greenish gray arkoses suggests a land surface of granite 
or gneissoid rocks exposed to weathering in a cool and moist 
climate, as shown by Professor Barrell, in his excellent study of 
Climates and Terrestrial Deposits. These rocks cover in ali many 
square miles and must have a thickness of a thousand feet or more, 
unless greatly reduplicated by folding. Near Poplar Lodge they 
have a width of a quarter of a mile with dips of from 60° to 80°, 
though banded jasper and hematite and also a little green schist 
are interleaved with the arkose, making up perhaps one-tenth of 
the whole. 

THE COUCHICHING PHASE OF THE KEEWATIN 

Associated with the iron formation at a number of points on 
Rainy Lake, Rainy River, near Dryden, etc., one finds gray fine- 
grained schists and gneisses having the character of the Couchich- 
ing as described by Lawson; but these rocks occur in larger areas 
apart from known iron ranges. They are composed of quartz, 
biotite, sometimes muscovite, and often some orthoclase or pla- 
gioclase; and they frequently contain sillimanite, garnet, and 
staurolite, or pseudomorphs after staurolite. They are evidently 
sandy or clayey sediments recrystallized, and may be compared 
with the sedimentary gneisses and quartzites of the Grenville series 
of eastern Canada so well described by Adams. 

The materials of which they were formed must have been 
derived from granite or gneiss and not from the basic eruptives 
with which they are associated. In the decay of the original rocks 
much of the feldspar must have been decomposed, the alkalies 
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being removed. They are often seen resting on Laurentian gneiss, 
but the latter was not the source of the sand of which they were 
formed, since the Laurentian is everywhere in eruptive relation- 
ships with the Couchiching and hence is of later age. The gneiss 
penetrates the overlying schist and has often broken off slices 
which have been floated away by the molten flood. 

As mapped by Lawson, Couchiching schists are widely distrib- 
uted on Rainy Lake, which must be looked on as the type locality. 
In my field work many outcrops of these rocks have been studied 
near Rice Bay, Grassy Portage, Gash Point, Goose Island, Sand 
Point Island, and at other places on the way eastward toward 
Bear’s Passage; and I can confirm Lawson’s description of them. 

Near Grassy Portage and Nickel Lake they include iron range 
rocks of a somewhat unusual variety, in which pyrite and pyr- 
rhotite largely replace iron oxides; and some miles to the west 
on Rainy River, below Fort Frances, they are found with sand- 
stone-like silica almost free from iron. 

In general, however, the Couchiching schists occur in large 
areas by themselves, always dipping at high angles (60°to 80°), 
often having widths across the strike of hundreds of yards, some- 
times of a mile or more. They may have various relations to the 
green Keewatin schists, sometimes underlying them and at others 
appearing to be interbedded with them. Near Shoal Lake there 
are, however, schists resembling the Couchiching which lie above 
the basal Huronian conglomerate and are evidently of much later 
age. 

Lawson maps the Couchiching as extending from west to east 
across almost the whole Rainy Lake sheet, a distance of more than 
60 miles; and the Hunter’s Island and Seine River sheets, to the 
southeast and east respectively, contain large areas also, as mapped 
by Lawson, W. H. Smith, and McInnes. The whole length shown 
is about go miles, and the breadth 24 miles. 

Lawson estimates the thickness of the Couchiching at about 
25,000 feet, but in such ancient rocks, now folded in mountain 
structures, it is possible and perhaps probable that this thickness 
is excessive. The real thickness may be repeated many times by 
folding, but it can hardly be less than some thousands of feet. 
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COUCHICHING IN OTHER REGIONS 

Schists of the Couchiching type are widely found in northern 
Ontario. They occur at various points on Lake-of-the-Woods, 
e.g., on the southern edge of the Grande Presqu’isle, and near 
the Scramble mine east of Kenora, where they are accompanied 
by a band of granular silica having the look of sandstone. They 
are found also in large areas near Clearwater and Manitou Lakes, 
north of Rainy Lake, and extend for miles along the railway east 
of Dryden, here associated with the iron formation. 

Mica schist or gneiss of the same kind, and also arkose and 
slate, are found on Sandy and Minnitakie Lakes north of Wabi- 
goon; so that areas of Couchiching occur for a distance of more 
than 100 miles north of the Minnesota boundary. 

Within the past year or two similar rocks have been described 
by E. S. Moore from near Round Lake, north of Lake Nipigon, 
and by the present writer from Black Sturgeon Lake to the south 
of Lake Nipigon.t In 1908 A. L. Parsons gave an account of 
schists like the Grenville gneisses on the Algoma boundary? and 
in the following year gray schists of the same sort were observed 
by myself north of Jackfish and along the shore of Long Lake. 
The Couchiching here has a width of several miles across the 
strike, with dips of 60° or 70°. W. J. Wilson in a “Summary 
Report on the Algoma and Thunder Bay Districts’’’ describes 
such gneisses containing garnet, cordierite, sillimanite, etc., as 
occurring extensively, and compares them with the Couchiching 
and also with the Grenville gneisses; and W. H. Collins gives an 
account in the same report of rocks of the same kind southwest of 
Long Lake, containing garnets and graphite. He mentions quart- 
zite and arkose as occurring there also.‘ 

There are sillimanite gneisses and arkose, as well as ordinary 
and carbonaceous slate, in various places in the Michipicoten 
region 150 miles southeast of Long Lake, but the known area of 
these rocks is not very large. 

Mica schist with staurolite has been found by M. B. Baker in 
the Abitibi region more than 200 miles to the east, and he men- 
* Bur. Mines (1909), 144 and 158. 3G.S.C., No. 980, 5 and 6. 

2 Ibid. (1907), 101. 4Ibid., No. 1081, 14. 
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tions also graphitic slate, rusty weathering dolomite, and a coarse 
fragmental series accompanying typical iron range rocks. He 
suggests that the fragmental rocks may imply a break in the Kee- 
watin, and quotes Miller and Brock as favoring this view." 

Morley E. Wilson briefly describes similar rocks from the 
Temiscaming region to the south as follows: “‘On the north shore 
of Larder Lake there is a belt—nearly a mile wide—of interbanded 
phyllites, slates, and graywackes, which parallels the lake shore 
for several miles. These rocks have a nearly vertical attitude; 
a uniform northeasterly strike; are in places graphitic; and locally 
contain small quantities of iron ore formation.” 

From the citations given above it will be seen that sedimentary 
rocks like the Couchiching or the Grenville series are widely spread 
in the Keewatin of Ontario. They often cover large areas and in 
many places equal or surpass the eruptives in extent. It is true 
that there are large gaps where no ordinary Keewatin sediments 
are known to exist, but doubtless many small areas remain undis- 
covered because unlooked for. A few years ago no one could have 
foretold that the iron formation would be found in almost every 
Keewatin area in Ontario, but we now know that this is the case. 

The Keewatin sediments can no longer be overlooked as neg- 
ligtble in any account of the Canadian Archaean. In reality 
these sedimentary rocks are the true Keewatin, and the accom- 
panying eruptives and ash rocks must be considered less impor- 
tant, in a sense accidental, members of the series. 

The Keewatin of the states near Lake Superior seems from the 
published accounts to contain a much smaller proportion of sedi- 
mentary materials than of volcanics; which no doubt accounts 
for the prevalent opinion among American geologists that the Kee- 
watin, or the older part of the basal complex, consists essentially 
of eruptive rocks. 


RELATIONS OF THE KEEWATIN TO THE GRENVILLE SERIES 


Having shown that the Keewatin contains sedimentary rocks 
of every kind, some of them having a wide extent and a great 
thickness, it is natural to compare them with the ancient sedi- 


* Bur. Mines (1909), 275-78. 2 Sum. Rep., Geol. Sur. (1909), 175. 
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mentary rocks of the Grenville and Hastings series of southern 
and eastern Ontario and Quebec. These were studied long ago 
and were originally included in the Laurentian; though now the 
term Laurentian is confined to the eruptive granites and gneisses 
which penetrate them and rise from beneath them. 

The nearest Grenville rocks to the Keewatin sediments described 
above begin about 150 miles south of the Larder Lake region in 
the township of Loring, just south of Lake Nipissing, where gra- 
phitic schist occurs. Between this and Parry Sound crystalline 
limestone and gray garnetiferous schists and gneisses are widely 
found and were compared by myself in 1900 with the western 
Couchiching.t There are also green schists in the region suggest- 
ing western Keewatin schist of eruptive origin. 

In eastern Ontario the Grenville and Hastings series often 
greatly resemble the Keewatin, including banded silica and iron 
ore, slate, quartzite, and fine-grained gray sedimentary gneiss con- 
taining graphite. There are, however, some marked differences. 
Limestones are rare in the western Keewatin but make the most 
prominent rock in the Grenville and Hastings series, even reaching 
a thickness of more than 50,000 feet, according to Adams; while 
volcanic rocks play a larger part in the west than in the east. Just 
how the eastern Archaean is related to the western is still a matter 
of discussion, Adams thinking that the Grenville and Hastings 
series are both probably the equivalent of the western Huronian, 
while Miller believes that the Hastings series represents the Huro- 
nian, and the Grenville series the Keewatin. 

From my own observations it may be said that a considerable 
part of the Grenville rocks are closely like the western Keewatin. 
If they were found in the Upper Lakes region they would certainly 
be classed on lithological grounds as Keewatin; and the two series 
of rocks are also related in the same way to the Laurentian batho- 
liths. In the east as well as in the west these great eruptive masses 
are later than the overlying rocks and have pushed up through 
them, often nipping them in as synclines. In neither case has the 
foundation on which these earliest sediments were laid down been 
preserved. 


* Bur. Mines (1900), 169; also 182. 
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CONCLUSIONS 

It has been shown in the foregoing pages that the oldest known 
rocks in Canada, the Keewatin in the west, and the Grenville and 
Hastings series in the east, stretching for goo or 1,000 miles across 
the country, include large amounts of sedimentary materials. 
Among these rocks are limestones and dolomites, slate of ordinary 
kinds and also slate charged with carbon, mica schist, and gneiss 
having the composition of clayey sandstones, arkoses with angular 
bits of quartz and feldspar, and in a few places also coarser frag- 
mental rocks. In the east the seas were clearer and deeper, so 
that limestone predominated. In the west volcanic activity was 
very pronounced and lava streams, lapilli, and ashes occur on a 
large scale, either mixed with the water-formed sediments or making 
up thousands of feet of rock in themselves. 

There must have been great land surfaces from which rivers 
flowed, bringing down sand and clay. Much of the material sug- 
gests well-weathered products derived from granite and gneiss; 
but the arkoses, which are widespread and thick, probably imply 
a cool and moist land surface. The sea contained plants to fur- 
nish the carbon, often reaching several per cent in slates, gneisses, 
and limestone; and the limestones hint at calcareous algae or 
animals having hard parts. 

All varieties of geological work seem to have been under way 
in pre-Huronian times as they have been ever since; and there is 
no evidence of special primeval conditions different from those 
known to later geology. 

In this paper the earliest Canadian sediments have been dis- 
cussed from the point of view of climate and physical conditions, 
and no attempts have been made to marshal the evidence from 
other lands; but the Canadian Keewatin and Grenville are probably 
as old as any known rocks, and the same conclusions have been 
reached from a study of the Archaean rocks of Europe and other 
continents. Similar sediments penetrated by granites and gneisses 
occur in the Lewisian of Scotland and the Ladogian of Finland 
and other parts of Scandinavia. Last summer in Sweden I had 
the opportunity to study Archaean sediments exactly like our 
Keewatin, so that the conclusion reached in this paper may be 
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extended to cover the most ancient formations of the Old World 
also. : 

Though the Keewatin and Grenville series are the oldest known 
formations in America, it is evident that they do not take us back 
to the commencement of geological time, since they include 
clastic sediments that imply the weathering and erosion of pre- 
vious rocks before they were spread out on the sea bottom. We 
have extended our outlook much farther into the past, but there 
is still an impenetrable background beyond. We shall perhaps 
never be able to say “tin the beginning’’; but we may safely say 
that there is no hint of a molten earth in process of cooling down. 
If the earth was ever hot it had so far cooled down before the 
oldest known rocks were formed as to allow air and water and life 
to do their work in the world very much as they do now. If the 
earth ever passed through a period of great heat it was at a time 
too remote in the past to leave a geological record or to have any 
special interest for the geologist. 


THE AGENCY OF MANGANESE IN THE SUPERFICIAL 
ALTERATION AND SECONDARY ENRICHMENT 
OF GOLD DEPOSITS' 


WILLIAM H. EMMONS 


I. INTRODUCTION AND SUMMARY 

Ferric iron, cupric copper, and manganitic manganese are 
present in many mineral waters, and under certain conditions 
any one of them will liberate chlorine from sodium chloride in 
acid solutions. Nascent chlorine dissolves gold. Each of these 
compounds releases chlorine at high temperatures, or in concen- 
trated solutions. In cold, dilute acid chloride solutions, ferric 
iron will not give nascent chlorine in appreciable quantity in 34 
days, and cupric copper is probably even less efficient; but man- 
ganitic compounds liberate chlorine very readily. In a cold solu- 
tion containing only 1,418 parts of chlorine per million, consider- 
able gold is dissolved in 14 days when manganese is present. It 
should be expected, then, that those auriferous deposits, the 
gangues of which contain manganese, would show the effects of 
the solution and migration of gold more clearly than non-man- 
ganiferous ores. 

Gold thus dissolved is quickly precipitated by ferrous sulphate. 
It is, therefore, natural to suppose that gold in such solutions 
could not migrate far through rocks containing pyrite, since it 
would be precipitated by the ferrous sulphate produced through 
the action of oxidizing waters, or the gold solution itself, upon the 
pyrite. But the dioxide and higher oxides of manganese react 
immediately upon ferrous sulphate, converting it to ferric sulphate, 
which is not a precipitant of gold. Consequently, manganese 
is not only favorable to the solution of gold in cold, dilute mineral 

t Published, in a more amplified form, by permission of the Director of the U.S. 


Geological Survey in Bull. 46, American Institute ef Mining Engineers, 768-837, 
October, 1910. 
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waters, but it also inhibits the precipitating action of ferrous salts, 
and thus permits the gold to travel farther before final deposition. 

These statements apply to the action of surface waters descend- 
ing through the upper parts of an auriferous ore deposit, since such 
waters are cold, dilute, acid (i.e., oxidizing) solutions. In deeper 
zones, Where they attack other minerals, they lose acidity, until 
the manganese compounds, stable under oxidizing conditions, are 
precipitated together with the gold. Thus, manganite, as well as 
limonite and kaolin, is frequently found in secondary (i.e., dis- 
solved and reprecipitated) gold ores. Moreover, in the precipi- 
tation of secondary copper and silver sulphides, ferrous sulphate 
is generally formed; and, consequently, the secondary silver or 
copper sulphides frequently contain gold. 

Those deposits in the United States in which a secondary 
enrichment in gold is believed to have taken place are. almost 
without exception, manganiferous. Since secondary enrichment 
is produced by the downward migration, instead of the superficial 
removal and accumulation, of the gold, it should follow that both 
gold placers and outcrops rich in gold would be found more exten- 
sively in connection with non-manganiferous deposits; and this 
inference is believed to be contirmed by tield-observations. 

Among the papers which treat the superficial alteration and 
secondary enrichment of copper, gold, and silver deposits are 
those of S. F. Emmens,' Weed,’ Penrose,’ Winchell,4 Van Hise, 
Kemp,® and Rickard.’ The processes upon which the changes 
depend are clearly outlined in these, and subsequent work has, 
in a large measure, contirmed the premises stated. The chemical 

*“The Secondary Enrichment of Ore-Deposits,”” Trans., XXX, 177-217 (1900). 

>**The Enrichment of Gold and Silver Veins,’ Trans., XXX, 424-48 (1900). 

‘The Superficial Alteration of Ore-Deposits,”” Journal ef Geology, I, No. 3, 
288-317 (Apr.-May, 1904). 

+ Bulletin of the Geological Society of America, XIV, 269-76 (1902). 

>**Some Principles Controlling the Deposition of Ores,’ Trans., XXX, 27-177 
Igoo)}. 

®** Secondary Enrichment in Ore-Deposits of Copper,’ Economic Geology, 1, No. 1, 
11-25 (Oct.-Nov., 1905). 


“The Formation of Bonanzas in the Upper Portions of Gold-Veins,” Trans., 
XXXI, 198-220 (1901). 
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laws and physical conditions controlling secondary enrichment have 
been reviewed in several reports more recently published. The 
papers of Lindgren, Ransome, Spencer, Boutwell, Irving, Graton, 
McCaskey, Spurr, and Garrey and Ball are particularly valuable. 
Such work has shown that the secondary enrichment of pyritic 
copper deposits is a very inportant process; that many silver 
deposits are enriched by superficial agencies; but that many gold 
deposits do not show deep-seated secondary enrichment. 

T. A. Rickard' has brought out clearly the processes by which 
gold deposits may be enriched relatively near the surface in the 
oxidized zone by the removal of valueless minerals which are more 
readily dissolved than gold. On the problem of deeper-seated 
precipitation of gold below the zone of oxidation there is less evi- 
dence. In some mines, however, the transportation and deep- 
seated precipitation of gold is clearly shown, as was pointed out 
long ago by Weed. 

While engaged in the investigation of certain auriferous deposits 
in the Philipsburg quadrangle, Montana, for the U.S. Geological 
Survey, I was confronted by evidence gained in two important 
mines, which seemed to be conflicting on this point. In one of 
them, the Cable mine, there was no evidence that gold had been 
concentrated by cold solutions below the zone of oxidation, but in 
the Granite-Bimetallic Lode there was enrichment of both gold and 
silver below the zone of leached oxides. 

Although the ores of the two deposits differ in other respects, 
the most striking difference is in the manganese content. The 
use of manganese in the chlorination process to give free chlorine, 
which dissolves gold, is well known. Le Conte? said as early as 
1879 that free chlorine is the most important natural solvent of 
gold, and Pearce, in 1885, recorded experiments in which gold 
had been dissolved in hot sulphate solutions with common salt 
and manganese dioxide.2 Don obtained similar results with more 
dilute solutions.* It appeared desirable, therefore, to ascertain 
whether these reactions are carried on in cold dilute solutions 


* Op. cit. ? Elements of Geology, p. 285. 


3 Proceedings of the Colorado Scientific Society, I, 3 (1885-87). 


4 Trans., XXVII, 654 (1897). 
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similar to mine waters; and Nicholas Sankowsky and Clarence 
Russell, in a seminar on the Chemistry of Ore Deposits, which I 
conducted at the University of Chicago, compiled all available 
analyses of waters from gold and silver mines in non-calcareous 
rocks. A. D. Brokaw conducted a series of experiments, using cold 
dilute solutions of compositions suggested by the analyses. He 
performed other experiments applicable to the study of the pre- 
cipitation of gold, showing the action of manganese dioxide on 
ferrous salts. During the progress of this investigation, W. J. 
McCaughey published his valuable paper on the solvent effect 
of ferric and cupric salt solutions upon gold,’ and this in a large 
measure supplemented the work carried on in the seminars at the 
University of Chicago. 

The experiments conducted by Brokaw showed that man- 
ganese in the presence of chlorides and sulphates is very much 
more efficient in the reactions dissolving gold than are the other 
salts common in mine waters. To verify these results by field- 
evidence, the review of the literature was taken up in greater detail, 
and there also the results indicate a marked difference in the 
behavior of the cold dilute mineral waters in the presence and in 
the absence of manganese. 

Lindgren’s classification of the gold deposits of North America 
has been of great value in reviewing these deposits; since in the 
United States manganese is rarely a gangue mineral in the primary 
gold deposits as old as the early Cretaceous California gold veins, 
whereas it is frequently present in appreciable quantities in those 
deposits which were formed nearer the surface and which are 
related to intrusives of Tertiary age.? I have not attempted to 
review exhaustively the evidence afforded by deposits outside of 
the United States with respect to the hypothesis suggested, but 
some of these deposits appear to supply accurate confirmatory 
data. 

In a statistical study of outcrops, to ascertain whether gold 
is more extensively leached in manganiferous lodes than in the 

* Journal of the American Chemical Society, XXXI, No. 12, 1261-70. 

? W. Lindgren, “The Relation of Ore-Deposition to Physical Conditions,” Eco- 
nomic Geology, Il, No. 2, 105-27 (Mar.-Apr., 1907). 
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outcrops of those which do not carry manganese, and whether 
placers are more frequently developed in connection with non- 
manganiferous lodes, the reports of Dr. R. W. Raymond' have been 
of great value. 

I wish to acknowledge my indebtedness to my colleagues of 
the U.S. Geological Survey, and to many other geologists whose 
accurate observations I have drawn upon to test the hypothesis. 
Their conclusions respecting the secondary enrichment of gold 
appear to support the hypothesis, and, differing as they do with 
respect to the migration of gold in particular deposits, they become 
reconciled when inspected from this viewpoint, and thus they 
are themselves supported. Dr. R. C. Wells has read critically 
certain portions of this paper, where the principles of physical 
chemistry are involved. 

Il. SALTS CONTAINED IN THE WATERS OF GOLD AND SILVER MINES 
IN NON-CALCAREOUS ROCKS 

Sankowsky and Russell, utilizing all data available to them, 
recalculated the analyses to the ionic form of statement, and made 
the general average given in Table I. 

Sulphates—Primary gold ores generally carry pyrite, which, 
oxidizing at or near the surface, yields ferrous sulphate, ferric 
sulphate, and sulphuric acid. The acid is not formed directly 
from galena, PbS, or from zinc-blende, ZnS; but pyrite, FeS.,, 
carries more sulphur than is required to supply SO, to satisfy the 
iron, even if ferric sulphate, Fe,(SO,),, is formed instead of FeSO,. 
As shown by Buehler and Gottschalk, galena and zinc-blende dis- 
solve much more slowly in the absence of FeS,. The reaction 
probably requires free acid, which the iron sulphide, owing to its 
excess of sulphur, supplies. The sulphuric acid from pyrite is 
increased also by the hydrolization of ferric sulphate, and the 
deposition of limonite. 

In Table I the sulphate radical is nearly ten times as great as 
all other negative ions and is also in excess of bases, so that on any 
basis of adjustment to form salts much H,SO, remains. The 
table shows also an average of 97.26 parts per million of hydrogen, 
indicating the strongly acid character of the solutions. 

* Mines and Mining West of the Rocky Mountains (1868-75). 
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Chlorides.—Chlorine is present in most mine waters. In 22 
out of the 29 analyses it is reported as traces or as determined 
quantities. The average of 29 analyses shows 873 parts per 
million, but if the one abnormally rich sodium-chloride water of 
Silver Islet, Lake Superior, is excluded, the remaining 28 analyses 
show but rir parts per million. This figure is probably a better 
average. There are several sources of the chlorine in mine waters. 

TABLE I 
AVERAGE OF 29 ANALYSES OF WATERS TAKEN FROM GOLD, SILVER, AND GOLD- 
SILVER MINES IN NON-CALCAREOUS ROCKS 
(Compiled by N. Sankowsky and C. Russell) 


Number of 


arts per Mill 
Parts per Million Determinations 


Cle 873.10 22 
SO, 7,292.29 13 
CO, 39 7 
NOY 0.06 I 
PO, 0.00 traces in 2 
SiO, 34.904 12 
17.25 7 
Na? 201.20 9 
Li 0.10 
Ca 295.00 11 
Sr 0.06 I 
Mg 242.44 9 
\l 333.05 6 
Mn 30.91 6 
Ni trace traces in 3 
Co trace traces in 3 
Cu 5.09 2 
Zn 2.70 5 
Fe 77.00 22 
Fe 003.07 25 
H (in acids 97.20 10 


The salt in sedimentary rocks may be dissolved by ground-water. 
From the available analyses it appears that this source is of less 
importance than would be supposed. The chlorine content of 
composite samples of 78 shales and of 253 sandstones was only a 
trace, while an analysis of a composite of 345 limestones showed 
only 0.02 per cent.' In some rocks chlorine is present probably 
as NaCl in the solid particles contained in fluid inclusions. The 
work of R. T. Chamberlin, A. Gautier, and others has shown that 
many granular igneous rocks, when heated to high temperatures, 


' F. W. Clarke, Bulletin No. 330, U.S. Geological Survey, 27(1908). 
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give off gases equal to several times their own volume. While 
further inquiry of this character is desirable, it is probably true 
that in general but little chlorine is present in such gases. But 
gases from certain volcanic rocks, such as obsidian, often contain 
a high proportion of chlorine and chlorides. Albert Brunt has 
shown that some of the Krakatoa lavas yield gases which equal 
about one-half the volume of the rock, and that more than half 
of such gases consist of chlorine, hydrochloric acid, and sulphur 
monochloride. The average chlorine content of igneous rocks 
is, according to F. W. Clarke, 0.07 per cent. 

Chlorine is present in nearly all natural waters. Its chief 
source is from finely divided salt or salt water from the sea and 
from other bodies of salt water. The salt is carried by the wind 
and precipitated with rain? The amount of chlorine in natural 
ponded waters varies with remarkable constancy with the distance 
from the shore. The isochlores parallel the shore line with great 
regularity, as shown by the map in Jackson’s report. The chlorine 
contributed from this source even near the seashore appears small; 
but it may be further concentrated in the solutions by evaporation 
or by reactions with silver, lead, etc., forming chlorides, which 
in the superficial zone may subsequently be changed to other com- 
pounds. Penrose,’ discussing the distribution of the chloride ores, 
pointed out long ago that they form most abundantly in undrained 
areas. 

Carbonates and alkaline earths.—-The analyses in Table I do 
not include those from mines in limestones. The carbonate 
reported gives an average of 77 parts per million. Even in igneous 
rocks considerable calcium (295 parts per million) and magnesium 
(242 parts) are carried by the waters. They are derived in part 
from reactions between the acid sulphates and the silicates of the 
wall-rock. 

*“Quelques recherches sur le volcanisme aux volcans de Java. Cinquiéme 
partie. Le Krakatau,” Archives des sciences physiques et naturelles, Geneve, XXVIII, 
No. 7 (juillet, 1909). 

2D. D. Jackson, “The Normal Distribution of Chlorine in the Natural Waters 
of New York and New England,” Water Supply and Irrigation Paper No. 144, U.S. 
Geological Survey (1905). 

‘Journal of Geology, I1, No. 3, 314 (April-May, 1894). 
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Alumina.—In some waters aluminum sulphate is abundant 
(the average of aluminum, 333 parts per million). It forms where 
sulphate waters attack kaolin, setting free SiO, and taking alumina 
into solution. 

Nitrates.—Nitrates are not abundant in mine waters. In one 
analysis only' is NO, reported (1.60 parts per million), and this 
in a deep-seated water of questionable genesis. 

Phos phates.—Traces only of PO, are reported from two mine 
waters; others contained none, if determinations were made. 

Silica.—Silica (35 parts per million) appears high for acid 
waters. The analyses include a manganiferous sulphate water 
from the Comstock, abnormally high in silica.? 

Tron.—tIron is the most abundant metal in the waters of gold 
mines. Ferric iron (603 parts per million) is, according to these 
analyses, more than twice as abundant as ferrous iron (277 parts 
per million). Ferrous iron is much more abundant below than 
above the water-table. 

Manganese.—If manganiferous minerals are present in the 
primary ore, they oxidize in the upper portion of the deposit to 
manganese dioxide or other high oxides of manganese; and these, 
in turn, oxidize ferrous sulphate, in the presence of sulphuric acid, 
to ferric sulphate. 

Copper.—One analysis shows 147 parts of copper per million. 
Two other analyses show traces. Small amounts must be present 
in many other waters, since gold ores often carry copper. Pos- 
sibly, small traces of the heavy metals were not looked for in many 
of the waters analyzed. 

III. CHEMICAL EXPERIMENTS IN THE SOLUTION AND DEPOSITION 
OF GOLD 

The migration of gold in the deposits takes place at low tem- 
peratures. At the surface the temperatures range between o 
and 50° C. and pressures do not exceed one atmosphere. With 
the normal gradient of increase, the temperatures, even several 

* Geyser Mine, Silver Cliff, Colo. See S. F. Emmons, Seventeenth Annual Report, 
U.S. Geological Survey, Part I, 462 (1895-96). 

2 Bulletin of the Department of Geology, University of California, IV, No. 10, 192 


(1904-0). 
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thousand feet below water level, would not exceed 100° C., and in 
the main are considerably lower. The general character and, 
approximately, the concentration of the solutions are known and 
the conditions are fairly constant. From the mass of chemical 
data relating to the subject, the following experiments are par- 
ticularly suggestive in connection with the present problem. 

1. Stokes' placed gold leaf in a solution containing 25 gm. 
per liter of ferric sulphate, and, after heating to 200° C., found 
that not a trace of gold had been deposited in the cold part of the 
sealed tube in which the experiment was carried on. This experi- 
ment does not confirm the statement frequently made that ferric 
sulphate will dissolve gold. 

2. Don? exposed to air, gold and auriferous sulphide ores in 
solutions containing from 1 to 20 gm. of ferric chloride and ferric 
sulphate per liter of water; after several months no gold had been 
dissolved. 

3. W. J. McCaughey,’ upon boiling for several hours 50 c.c. 
of HCl (sp. gr. 1.178) diluted to 125 c.c. with 250 mg. of gold, 
found there was no loss of gold. 

4. In a bent tube Stokes‘ heated gold leaf for 16 hours at 200° 
C. in a solution composed of 85 gm. of cupric chloride and 133 
c.c. of 20 per cent HCI in a liter of water. The gold leaf was dis- 
solved and redeposited in the upper portion of the tube. He writes 
the reaction as follows: 


Au+3CuCl,=AuCl,+3CuCl. 


5. Stokes’ heated gold leaf to 200° C. in a closed tube con- 
taining a solution of 25 gm. of ferric sulphate and o.o1 gm. of 
NaCl. Gold was dissolved in 40 hours. 

6. Stokes® found that at 200° C. gold leaf was dissolved in a 
mixture of 2 parts of 20 per cent solution of ferric chloride and 1 
part of 20 per cent solution of HCl. 

t Economic Geology, I, No. 7, 650 (July-Aug., 1906). 

2 Trans., XXVII, 598 (1897). 

3 Journal of the American Chemical Society, XX XI, No. 12, 1263 (Dec., 1909). 

4Op. cit., I, 649. 

5 Economic Geology, I, No. 7, 650 (July-Aug., 1906). 

6 Tbid., 650. 
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7. W. J. McCaughey' dissolved gold at from 38° to 43° C., 
in hydrochloric acid solutions of ferric sulphate. The results 
are indicated by the curves in Fig. 1. Solution A contained 1 gm. 
of iron, introduced as ferric sulphate, and 25 c.c. of HCI (sp. gr. 
1.178) in a solution diluted to 125 c.c. containing 250 mg. of gold 
rolled to 0.009 inch. Solution B contained the same amount of 
iron sulphate and 50 c.c. of HCl. Solution C contained 2 gm. of 
Fe as ferric sulphate and 25 c.c. of HCl. Solution D had twice 
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DISSOLVED 


MILLIGRAMS OF GOLD 


0 80 100 120 140 160 180 
TIME, HOURS 
Fic. 1.—Diagram Showing the Rate of Solution of Gold in Concentrated Solutions 
of Hydrochloric Acid and Ferric Sulphate. (Illustrating Experiment 7, by 
McCaughey. 


the concentration of A. The diagram shows the amount of gold 
dissolved after different periods of treatment. 

8. McCaughey? found that gold is dissolved at from 38° to 
43° C. in a strong solution of cupric chloride and HCl. The 
amounts dissolved are shown by the curves in Fig. 2. Solution 
A contained 1 gm. of Cu as cupric chloride and 25 c.c. of HCl 
(sp. gr. 1.178); solution B, 1 gm. of Cu as CuCl,, and 50 c.c. of 
HCl; solution C, 2 gm. of Cu as CuCl, and 25 c.c. of HCl; and 
solution D, 2 gm. of Cu as CuCl, and 50 c.c. of HCl; the final 
solution being in all cases diluted to the volume of 125 c.c. The 


* Journal of the American Chemical Society, XXXI, No. 12, 1263 (Dec., 1909) 
2 Ibid., 1264. 
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diagram shows that D, which was twice as concentrated as A, dis- 
solved about 12 times as much gold. 

g. Richard Pearce’ placed native gold in a flask containing 
hydrated manganese dioxide with 4o gm. of salt and 5 or 6 drops 
of H.SO,. After heating for 12 hours appreciable gold had been 
dissolved. 

10. T. A. Rickard? extracted 99.9 per cent of the gold from 
manganiferous ore with a solution of ferric sulphate, common salt, 
and a little H,SO,. 

11. Don’ found that 1 part of HCl in 1,250 parts of H.O, in 
the presence of MnO.,, dissolves appreciable gold. 
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Fic. 2.—Diagram Showing the Solubility of Gold in Concentrated Solutions of Hydro- 
chloric Acid and Cupric Chloride. (Illustrating Experiment 8, by McCaughey.) 


A number of experiments on the solubility of gold in cold dilute 
solutions were made by A. D. Brokaw.4 The nature of these 
experiments is shown by the following statements, in which (a) 
and (6) represent duplicate tests: 

12. Fe,(SO,);+H.SO,+Au. 
(a) no weighable loss. (34 days.) 
(6) no weighable loss. 

13. 
(a) no weighable loss. (34 days.) 
(b) 0.00017 gm. loss.s 


* Trans., XXII, 739 (1893). 

? Trans., XXVI, 978 (1896). 3 Trans., XXVII, 599 (1897). 

4 Journal of Geology, XVIII, No. 4, 321-26 (May-June, 1910). 

5 This duplicate was found to contain a trace of Cl, which probably accounts for 
the loss. 
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14. FeCl, +HCI+<Au. 

(a) no weighable loss. (34 days.) 
(6) no weighable loss. 

15. FeCl,+HCI+MnO,+Au. 

(a) 0.01640 gm. loss. Area of plate, 383 sq.mm. (34 
days.) 
(b) 0.01502 gm. loss. Area of plate, 348 sq. mm. 

In each experiment the volume of the solution was 50 c:c. 
The solution was one-tenth normal with respect to ferric salt and 
to acid. In experiments 13 and 15, 1 gm. of powdered manganese 
dioxide was also added. The gold, assaying 999 fine, was rolled 
to a thickness of about 0.002 inch, cut into pieces of about 350 sq. 
mm. area; and one piece, weighing about 0.15 gm., was used in 
each duplicate. 

To approximate natural waters more closely, a solution was 
made one-tenth normal as to ferric sulphate and sulphuric acid, 
and one twenty-fifth normal as to sodium chloride. Then 1 gm. 
of powdered manganese dioxide was added to 50 c.c. of the solution, 
and the experiment was repeated. The time was 14 days. 

16a. Fe,(SO,),+H.SO,+NaCl+Au. 

No weighable loss. 
16b. 
Loss of gold, 0.00505 gm. 

The loss is comparable to that found in experiment 15, allow- 
ing for the shorter time and the greater dilution of the chloride. 

To determine whether the free acid or the ferric chloride is 
the solvent, experiment 17 was made, in which 50 c.c. of one-tenth 
normal HCI was used with 1 gm. of powdered MnO,,. 

17. HCIl+MnO,+Au. 

Loss of Au, 0.01369 gm. Time, 14 days. 

In experiment 18, sodium hydroxide was added to 50 c.c. of 
one-tenth normal ferric chloride solution until the precipitate 
formed barely redissolved on shaking, after which 1 gm. of pow- 
dered MnO, was added. 

18. FeCl,+MnO,+Au. 

Loss of Au, 0.00062 gm. Time, 14 days. 
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These results show that, in the presence of manganese dioxide, 
free hydrochloric acid is more efficient than ferric chloride. | The 
same amount of chlorine was present in both solutions." 
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GRAMS Fe AS FERROUS SALT IN 125 cc, 

Fic. 3.—Diagram Illustrating the Effect of Ferrous Sulphate in Suppressing the 

Solubility of Gold in Ferric Sulphate Solutions, where Gold is Dissolved as 
Chloride. (Illustrating Experiment 19.) 


19. McCaughey’s experiments show the effect of very small 
amounts of ferrous sulphate on solutions of gold in ferric sulphate. 
To a solution, 125 c.c., containing 1 gm. of iron as ferric sulphate 
and 25 c.c. of HCl, ferrous sulphate was added in quantities con- 
taining from 0.01 to 0.25 gm. of ferrous iron. The solutions were 
immersed in boiling water and subsequently 250 mg. of gold was 


* Brokaw, Journal of Geology, XVIII, No. 4, 322-23 (May-June, 1910). 
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added. The dissolved gold was determined at the end of 1 hour 
and 3 hours. At the end of 3 hours the gold dissolved was 
greater, probably because some ferrous sulphate had changed to 
ferric sulphate. Eveno.or gm. of the ferrous iron greatly decreases 
the solubility of gold in the ferric sulphate and HCI solution, and 
gm. of ferrous sulphate drives nearly all the gold out of solu- 
tion. These experiments are illustrated by Fig. 3. The lower 
curve represents conditions at the end of 1 hour, the upper curve 
at the end of 3 hours, when some of the ferrous salt had oxidized 
by contact with the air. 

20. To determine the rate at which ferrous sulphate, in the 
presence of sulphuric acid and manganese dioxide, would be oxi- 
dized to the ferric salt, Brokaw made the following experiment: 

One hundred c.c. of 1.6 normal FeSO was acidified with sulphuric 
acid and shaken vigorously with 5 gm. of powdered MnO,. After 
5 minutes the solution was filtered. No ferrous iron was detected 
by the ferricyanide test, showing that the iron had been com- 


pletely oxidized to the ferric state. 


IV. DISCUSSION OF EXPERIMENTS 

Nitrates.—Dilute acid nitrate-chloride waters readily dissolve 
gold, since they are equivalent to weak aqua regia. The chlorine 
set free by the reaction oxidizing HCl is more active than a solu- 
tion of chlorine in water, and converts gold into gold chloride. 

In the reaction by which gold is dissolved in chloride solution 
its solvent power may be ascribed to its “nascent” state. In 
such reactions the presence of an element with more than one 
valence is a necessary condition and its valence is reduced as gold 
passes into solution. 

The reaction of 3HCI+HNO,, giving nascent chlorine, may be 
written as follows:' 


Cl—- H+H-—O-— N =0+2H 


When nascent chlorine reacts with gold, it forms soluble gold 
chloride. 


* Alexander Smith, General Inorganic Chemistry, 449 (1907). 
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In the 29 analyses of mine waters NO, is reported from but 
one. Possibly nitrates are more abundant than is indicated by 
the analyses; and if so, they must increase the solvent power of 
chloride solutions: but the data at present available do not indi- 
cate that they affect the superficial reactions to any important 
extent. 

Manganese oxides —That gold is dissolved in moderately dilute 
solutions containing salt and manganese oxides is shown by experi- 
ments 11, 15, and 16. The reaction with manganese used to 
prepare chlorine commercially is illustrated by the following 
equation. (The reaction is not so simple as stated. It is discussed 
later.) 


2H,O+2NaHSO,+ MniSO,+ 2Cl. 


At the beginning of the reaction the manganese has a valence of 
four; at the end a valence of two. With acid the reaction may be 
as follows: 


MnO,+4HC!-— 2H,O+ MnCl,+Cl.. 


Besides the presence of a chloride, some other conditions are 
essential to the solution of gold. There appear to be two. One 
is that some other substance must also be present which is capable 
of being reduced so as to liberate chlorine—as, for example, a ferric 
salt which may be reduced to the ferrous, a cupric to the cuprous, 
the higher manganese salts to the lower, etc. The other is the 
evolution of “‘nascent”’ chlorine. This is particularly illustrated 
by the action of aqua regia or the production of chlorine by hydro- 
chloric acid and pyrolusite. In short, any of a number of methods 
of producing free chlorine would be effective in the solution of 
gold. Possibly both of the conditions just mentioned may in the 
last analysis be identical. The essential point is that the atomic 
chlorine in a state of molecular exchange or evolution is able to 
combine with the gold. For present purposes the gold may be 
considered to dissolve as gold chloride, although chemical investi- 
gations favor the theory that a complex ion containing gold is 
formed. The only consideration which becomes important in its 
geological aspect is the presence of the compounds which not only 
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admit of easy changes of valence, but which act upon hydrochloric 
acid with the production of free chlorine. 
In mine waters chlorine is supplied as NaCl. 


Fe,(SO,), + H.SO,+ NaCl+ MnO,-+ Au. 
N/ 10 N/1o N25 tgm. 0.15 gm. 


0.00505 gm. loss of gold by solution in 14 days (cold). 


Under the same conditions without manganese there was no 
weighable loss (see experiment 16a). 

As used herein the normal solution contains 1 gm.-equivalent 
of the solute in 1 liter of solution. A solution normal with respect 
to chlorine contains 1 gm. of chlorine times 35.45, the molecular 
weight of chlorine, in 1 liter of solution. 

In this experiment the concentration of Cl (1,418 parts per 
million) is not so great as has been observed in a few mine waters, 
and not more than three times as great as Don determined in 
waters from a number of Australasian mines." 

Manganese is abundant in many gold-bearing deposits; is 
sparingly represented in some; and from a very large number it 
has not been reported. The chief primary minerals are the car- 
bonates (rhodochrosite and manganiferous calcite), the silicate 
(rhodonite), amethystine quartz, and the less-abundant sulphide, 
alabandite. Some rock-making minerals carry small amounts 
of manganese. It readily forms sulphates, chlorides, etc., and is 
dissolved by acid mine waters. Manganese changes its valence 
more readily than other elements common in gold ores. 

Lead oxides.—Lead oxide is said to facilitate the solution of 
gold? when added to solutions of ferric sulphate and sodium chlo- 
ride. Lead is both bivalent and quadrivalent and forms corre- 
sponding oxides and hydroxides. These, however, are generally 
not abundant in the oxidized zones of lead-bearing ore deposits, 
because the lead carbonate and the sulphate are relatively insoluble 
in water and usually are formed instead of the oxides. Lead is 
reported in but one of the 29 analyses of waters from gold and 

* Trans., XXVII, 654 (1897). 

? Victor Lehner, Journal of the American Chemical Society, XXVI, No. 5, 552 
(May, 1904). 
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silver mines, tabulated above. It is believed to be of very sub- 
ordinate importance in connection with the solution of gold. 

The efficiency of ferric iron and cupric copper to supply nascent 
chlorine, compared with that of manganilic manganese.—Solutions 
of ferric sulphate with sulphuric acid and salt dissolve gold at high 
temperatures. Concentrated solutions of ferric sulphate and 
hydrochloric acid dissolve gold at from 38° to 43°C. In the cold 
the reaction may go on in concentrated solutions, but in those 
approximating the concentration of mine waters no weighable 
loss of gold was obtained. With MnO, under the same conditions 
there was a very appreciable loss in a solution containing only 
1.4 gm. of Clin a liter. It appears, therefore, that the action of 
ferric iron on gold in cold dilute mine waters with H,SO, and 
NaCl is probably negligible; for the experiments with ferric iron 
in such solutions, without manganese, extended over a period of 
34 days without weighable loss of gold. 

Many auriferous deposits contain copper, but since the reactions 
which give nascent chlorine are conditioned upon the presence of 
some element that changes its valence in the reactions, and since 
the processes underground take place in sulphate solutions, it did 
not appear necessary, after ferric salt had been shown to be incom- 
petent, to conduct experiments with copper; for, as is well known, 
cuprous salts have never been detected in acid sulphate mine 
waters, whereas ferric and ferrous sulphate are very common in 
such waters. It has been shown' however that the efficiency of 
cupric salt in cold solution compared with that of manganitic salt 
probably lies somewhere between 0.004 and 0.000001. 

Amount of chlorine necessary for the solution of gold with man- 
ganese compounds present.—In experiment 15 (a), with MnO,, 
0.01640 gm. of gold was dissolved in 34 days with solution one- 
tenth normal with respect to chlorine. A solution with but 40 
per cent as much Cl (experiment 16d) dissolved 31 per cent as much 
gold in 14 days as was dissolved in the more concentrated solution 
in 34 days. These results show that in 15 (a) conditions are prob- 
ably approaching equilibrium, and also that the solvent power of 
chlorine is approximately proportional to the amount present. 


* Bull. Amer. Inst. Mining Eng., 790 (October, 1910). 
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That a weighable quantity of gold is dissolved when only a trace 
of chlorine is present is shown by experiment 13 (4), in which 
chlorine was introduced without intention. 

The precipitation of gold.—In igneous rocks ferrous sulphate is 
the chief precipitating agent. Ferrous sulphate is formed by the 
oxidation of pyrite, but in the presence of oxygen and H,SO, it 
becomes ferric sulphate, which does not precipitate gold. Below 
the water-table, where pyrite is more abundant and free oxygen 
less abundant, ferrous sulphate may persist in the mine waters. 
Ferrous sulphate is so effective as a precipitant of gold that it is 
used for that purpose in metallurgical processes. Experiment 19 
shows that a minute amount of ferrous sulphate greatly decreases 
the solubility of gold, although it does not precipitate it com- 
pletely. With excess of ferrous salt practically all of the gold is 
precipitated. 

Ferrous sulphate is formed in the upper part of a lode above 
the water-table; but owing to the open condition of that part of 
the lode, air is freely admitted and ferric sulphate forms, at the 
expense of ferrous sulphate and sulphuric acid. This reaction takes 
place almost instantaneously if MnO, is present (experiment 20), 
for ferrous sulphate and manganese dioxide are under these condi- 
tions incompatible. Manganese dioxide then not only releases 
the solvent for gold, but eliminates the salt which precipitates it. 
It is doubtful whether appreciable amounts of gold are ever carried 
far below the water-table in mines where the waters carry ferrous 
sulphate, but, in the presence of MnO,, ferrous sulphate may be 
eliminated below the water-table. 

When manganese dioxide takes part in the reactions by which, 
under the conditions named, gold is dissolved, transported, and 
precipitated, the manganese salt is itself changed. At the surface 
pyrolusite, MnO,, forms, for there the excess of oxygen prevails; 
and this mineral is commonly found in the gossan of manganiferous 
lodes. When solutions containing H,SO, and NaCl react on MnO, 
there is a tendency to form MnSO,, and some manganese goes into 
solution as sulphate, but salts of manganese with higher valence 
may also form. In this connection Dr. R. C. Wells has offered the 


following statement: 
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In an acid solution containing some free chlorine, such as haS*éeg, 
to be effective in dissolving gold, there would also be a tendency towards the 
formation of permanganic acid. On the other hand, the production of the 
chlorine necessarily results in the reduction of the manganese compound. 
Now a manganous salt is known to react with permanganate to reproduce 
MnO, and this illustrates the tendency of manganese to pass with ease from 
one stage of oxidation to another. The precipitation of manganese will occur 
more and more as the solution loses its acidity. It is well established that 
manganous salts in an acid environment are very stable; but in neutral or 
alkaline solutions they oxidize more vigorously, one stage of their oxidation 
being the manganic salt which hydrolyzes into Mn,O, - H,0 (manganite), with 
even greater ease than ferric salts into limonite. 

In these ways the migration of an acidic solution would result in the trans- 
portation of both gold and manganese. But in a region of basic, alkaline, and 
reducing environment the manganese would be reprecipitated, the free acid 
neutralized, the chlorine absorbed by the bases and removed, and owing to 
the accumulation of the ferrous or other reducing salts, the gold would be 
reprecipitated. 


V. THE TRANSFER OF GOLD IN COLD SOLUTIONS 

1. Restatement of the processes as related to secondary enrichment. 

Every theory of secondary enrichment of the metals consists 
essentially of three parts: (a) solution, (4) transportation, (c) 
precipitation. 

a) As already stated, there is in the upper part of the ore 
deposit, where oxidation prevails, abundance of ferric sulphate 
and sulphuric acid. A little salt, NaCl, or other chloride, is gen- 
erally present. The H,SO,, reacting upon NaCl, gives HCl, which 
in the presence of MnO, gives nascent chlorine, which dissolves 
gold. Some manganese goes into solution as sulphate, but certain 
higher manganates are possibly formed as well. 

b) This chemical system will move downward under hydro- 
static head. If it comes into a zone containing pyrite it will react 
upon the pyrite, and in the oxidation of the latter more iron sul- 
phates and acid will be formed. If manganese dioxide is present, 
or if permanganic acid has been formed, no gold will be precipi- 
tated, and the system, with gold still in solution, will move to 
greater depths before ferrous sulphate can become effective. 

c) But as the system moves downward, where no new sources 
of oxygen are available, the excess of acid is removed. There are 
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many ways by which acidity is reduced along with these reactions, 
but the principal one is probably the kaolinization of sericite 
and feldspar. In these reactions sodium, potassium, calcium, 
magnesium, and other sulphates are formed from acid and silfcates; 
the silica remaining as SiO, and kaolin; the alkalies and alkalic 
earth sulphates going into solution. As the acidity decreases, 
iron and manganese compounds tend to hydrolyze and deposit 
oxides. At this stage of oxidation FeSO, becomes increasingly 
prominent, and not only completely inhibits further solution of 
gold but becomes increasingly effective as a precipitant. Thus 
manganite is probably precipitated with gold. The fractures in 
the primary pyritic gold ore below the water level thus become 
coated with a manganiferous gold ore, which may be very rich. 
The excess of oxygen which the system has carried down is used 
up in the manner indicated, and in this process limonite is formed, 
consequently the manganiferous gold ore deposited in the fissures 
and cracks contains kaolin and iron as well as manganese oxides. 

2. The oscillating, descending, undulatory water-table—The 
terms ‘“‘water-table” and “level of ground-water” are generally 
used to describe the upper limit of the zone in which the openings 
in rocks are filled with water. This upper limit of the zone of 
saturation is not a plane, but a warped surface. It follows in 
general the topography of the country, but is less accentuated. 
It is not so deep below a valley as below a hill, but it rises with the 
country toward the hilltop and in general is higher there than in 
the valley. Nor is it stationary. In dry years it is deeper than 
in wet years, and in dry seasons it is deeper than in wet seasons. 
The difference of elevation between the top of this zone in a wet 
year and in a dry year is normally greater under the hilltop than 
on the slopes and in the valleys. In mines where the ground is 
open the level of ground-water probably changes with every con- 
siderable rain. Consequently, there is a zone above ground-water 
in dry periods but below it in wet periods, and in hilly countries 
this may be of considerable vertical extent. Thus the water-table 
oscillates, though in general moving downward with degradation 
of the land surface. It is in this zone of oscillation of the water- 
table that chemical activity is most varied. Without any change 
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in the character of the drainage or of the more constant conditions 
controlling the water-circulation, the chemical composition of the 
solutions affecting this zone may change from season to season. 
They may at one time be ferric sulphate or oxidizing waters, and 
at another time ferrous sulphate or reducing waters, since, after 
a wet season, the ferrous sulphate waters from below would tend 
to rise, after dilution with fresh water added by the rains. Conse- 
quently, the minerals of this zone may include, besides the residual 
primary and secondary sulphides, the oxides, native metals, chlo- 
rides, etc. Between the top of this zone and the surface or the 
apex of the deposit chemical activity is probably slow, because 
there is a scarcity of sulphides and other easily altered minerals 
to supply the salts upon which the chemical activity of ground- 
water in a large measure depends. As the country is eroded, this 
zone also descends; and if a mineral or metal persists long enough, 
the upper limit of the zone of active change passes below it, and 
may ultimately be exposed at the outcrop. 

3. The several successive zones in depth——As shown by S. F. 
Emmons, W. H. Weed, and others, many lodes, when followed from 
the surface down the dip, show characteristic changes. Below the 
outcrop, the upper part of the oxidized portion of the lode may be 
poor. Below this there may be rich oxidized ores; still farther 
down, rich sulphide ores; and below the rich sulphides, ore of 
relatively low grade. Such ore is commonly assumed to be the 
primary ore, from which the various kinds of ore above have been 
derived. The several types of ore have a rude zonal arrangement, 
the so-called “zones” being, like the water-table, undulatory. 
They are related broadly to the surface and io the hydrostatic 
level, but are often much more irregular than either; for they 
depend in large measure on the local fracturing in the lode which 
controls the circulation of underground waters. Any zone may 
be thick at one place and thin, or absent, at another. If these 
zones are platted on a longitudinal vertical projection, it is seen 
that the primary sulphide ore may project upward far into the 
zone of secondary sulphides, or into the zone of enriched oxides, 
or into the zone of leached oxides, or may even be exposed at the 
surface. The zone of secondary sulphide enrichment (which is 
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not everywhere present) may project upward far into the zone of 
rich oxidized ore, or into the zone of leached oxides, or may outcrop 
at the surface. The zone of sulphide enrichment nearly always 
contains considerable primary ore, and very often the secondary 
ore is merely the primary ore containing in its fractures small 
seams of rich minerals. The zone of enriched oxides is generally 
found above the water-table when the latter is at the lowest, and 
often extends to the outcrop. In regions of rapid erosion, and es- 
pecially of rugged topography, the conditions for the exposure of rich 
oxides, or even rich sulphides or primary ore, are more favorable. 
In places along the outcrop of a deposit where erosion is rapid the 
richer oxidized or sulphide ores may be exposed, whereas in other 
places, protected from erosion, and therefore exposed longer to so- 
lution, the same outcrop is frequently leached. It is evident that 
the amount of metal remaining in the upper part of the oxidized 
zone and at the outcrop depends upon the ratio between the rate 
at which the metal is dissolved, and the rate at which the value- 
less constituents are dissolved and removed. Under certain 
conditions gold is removed very slowly, and the removal of value- 
less constituents may effect a concentration at the very apex of 
the lode; while under other conditions, favorable to the solution 
of gold, it is removed more rapidly than silica, iron, etc., and the 
apex and the oxidized zone are leached. In a country not subject 
to erosion it would be supposed that the outcrops of manganifer- 
ous lodes would be everywhere leached; but rapid erosion may 
remove the upper part of the lode before it is completely leached, 
and, under favorable conditions, placers accumulate from the débris 
of the apex. 

It thus appears that all of these zones except that of the pri- 
mary ore are continually descending; so that ore taken from the 
outcrop may represent what was once primary ore; afterward, 
enriched sulphide ore; still later, oxidized enriched sulphide ore; 
later still, leached oxidized enriched sulphide ore; and _ finally 
become the surface ore. Through more rapid erosion at some 
particular part of the lode, any one of these zones may be exposed; 
and hence an outcrop ore of any character is possible. Conse- 
quently, longitudinal assay plans, showing the changes of value 
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in depth, though highly suggestive, and especially so when gold 
and silver are shown separately, are supplemented by studies of the 
paragenesis and by physiographic studies, in order that the approxi- 
mate rate of erosion of the lode at various places may be known. 
In the absence of such knowledge, it is generally impossible to 
tell the genesis of a particular sample of ore from a mine. When all 
the data are assembled, however, greater confidence may be placed 
in the conclusion, since all the factors in the problem are intimately 
related. 

4. Criteria for the recognition of secondary enrichment.—lI shall 
not attempt to review all the criteria for the recognition of second- 
ary enrichment. They involve practically all available data relat- 
ing to the geology and physiography of a region, as well as the 
observed characteristics of its ore deposits. But each group of 
deposits may be studied with certain general criteria in view. 
Among these are: (1) the vertical distribution of the richer por- 
tions of the lode with respect to the present surface and to the 
level of ground-water; (2) the mineralogy of the richer and poorer 
portions of the deposit, and the character and vertical distribution 
of the component minerals; (3) the paragenesis, or the structural 
relations shown by the earlier ore and that which has been intro- 
duced subsequently. 

In applying these principles, it should be remembered that 
circulation is generally controlled by post-mineral fracturing; 
that the changes depend upon climate and rapidity of erosion, and 
are affected by regional changes of climate, etc. Although the 
mineralogy of the ore is a useful aid, there are many minerals 
which are precipitated from cold solution and also from ascend- 
ing hot solutions, and there are many others, the genesis of which 
is uncertain. Of the minerals formed in the zone of secondary 
sulphide enrichment, few, if any, are known positively to form 
under such conditions only. There are some, however, such as 
chalcocite and covellite, which nearly everywhere are clearly of 
secondary origin. Ruby silver is frequently, but not always, 
secondary. Other minerals, such as chalcopyrite, bornite, argen- 
tite, etc., have no definite indicative value unless their occurrence 
suggests that they are later than the primary ore. Where minerals, 
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known to have formed elsewhere by processes of secondary sulphide 
enrichment, are clearly later than primary ore, there is a strong 
presumption that they were deposited by cold descending waters. 
If it can be shown, in addition, that they do not extend to the 
bottom of the mine, but are related to the present topography of 
the country, then this presumption may be regarded with consid- 
erable confidence as confirmed. 

With respect to gold, the problem is difficult, because the 
native metal is the only stable gold mineral known to be depos- 
ited from cold dilute solutions. Consequently, the applicable 
criteria are limited; and the vertical distribution of the richer 
ore, though suggestive, is not in itself conclusive. Lindgren 
and Ransome, in their studies at Cripple Creek, have shown that 
the richer ore bodies may have in general a relationship to eleva- 
tion, where there is little or no evidence of deep-seated secondary 
enrichment. The maximum deposition by ascending hot waters 
may be greater at one horizon than at another; and the rich ore, 
though showing broadly certain variations with depth, is in no 
way related to the water-table. If, however, it can be shown that 
rich seams of ore cross the primary ore and do not extend down- 
ward as far as the lowest level in the primary ore, but are related 
to the present topography of the country, and if it is known that 
the associated minerals which fill such openings are those which may 
be deposited by cold waters, the evidence of their secondary 
origin is practically conclusive. As already shown, seams of gold 
with limonite and manganese oxides occur in such relations. 
Similar ore frequently contains chalcocite and argentite also. 
Such occurrences could with great confidence be attributed to 
descending waters. 

In the practical application of such reasoning to gold-bearing 
deposits it will sometimes be necessary to discriminate between 
the oxidized manganiferous gold ore which has resulted simply 
from the oxidation of a primary manganiferous ore like one con- 
taining rhodochrosite, and that which has been deposited in 
fractures in the sulphides lower down. In other words, it is 
desirable to know whether rich manganiferous ore in the upper 
part of a mine is residual from a primary ore body, and there- 
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fore will probably prove extensive, or represents the result of 
concentration under more deeply seated conditions after the 
manner indicated above. This discrimination may be easy in 
the sulphide zone, where the fractures with rich manganiferous 
ore are clearly shown; but in the oxidized zone one must rely 
upon the shape and distribution of the richer portions. If they 
are related to cracks in the mass of the oxidized ore, the inference 
is warranted, in the absence of other evidence, that they are 
residual secondary ore, and, being genetically related to the present 
topographic surface, are limited. 

Native gold is, as already stated, the only gold mineral which 
is deposited by cold solutions. But native gold is deposited by 
primary processes also, and is by far the most abundant gold 
mineral so deposited. Consequently, in distinguishing between 
primary gold and gold deposited by cold solutions, one must rely 
upon associated minerals. When secondary chalcocite or certain 
secondary silver minerals are deposited, the attendant reactions 
precipitate gold. Consequently, the richer bunches of gold ore in 
the oxidized zone, residual from secondary ore formed under the 
deeper-seated conditions, may carry also considerably more copper 
and silver than the primary ore. But copper, and (unless cerargy- 
rite is formed) silver also, are more readily leached than gold, 
even when manganese is present. Hence, the evidence of this 
character may have been destroyed. 

With respect to other minerals associated with the secondary 
gold ore, we are not warranted, in the present state of our knowl- 
edge, in drawing definite conclusions. From the nature of the 
reactions, I think it may be possible to show that manganite, 
Mn.O,°H,0, is, under conditions of incomplete oxidation, more 
often associated with the rich gold in such relations than pyrolusite, 
MnO.; for, as already observed, the lower oxide is more likely 
to be precipitated than the higher, when secondary gold is depos- 
ited under deep-seated conditions. But under oxidizing influences 
the manganese oxides change their character so readily that this 
criterion, if it has any value, is probably not applicable to ores 
in the upper part of the oxidized zone, where they have been 
exposed to more highly oxygenated waters for a longer time. I 
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make these suggestions with respect to the character of the man- 
ganese oxides associated with the rich ore, not because I think the 
reactions which precipitate manganese are well enough understood 
to give a positive paragenetic value to the oxidized manganese 
minerals themselves. but in the hope that others will ascertain and 
report the character of the manganese oxide associated with gold 
in the deeper zone and in the residual products from that zone. 

5. Lateral migration of manganese salts from the country rock 
to the ore.—Clarke’s analyses’ show that igneous rocks carry an 
average of o.1 per cent of manganese oxide, and many basic rocks 
carry from 0.2 to 0.9 per cent. Where basic dikes have cut an 
ore body, they doubtless contribute manganese to the waters 
circulating in the deposit. The ore of the Haile mine, in South 
Carolina, is cut by basic rocks; and the ore bodies of the Delamar 
mine, in Nevada, are crosssed by a basic dike. Both of these 
deposits show secondary enrichment of gold; and in both the 
better ore is found along the dikes. In general, however, the 
manganese from the country rock cannot safely be assumed to 
have migrated extensively into the ore deposit, for many analyses 
of mine waters do not show manganese; but where manganifer- 
ous rocks are intimately fractured and filled with seams of ore it 
would be supposed that the reactions requiring manganese could 
take place. 

In my own experience I have found only trivial stains of man- 
ganese in those lodes where it was not present in the gangue of 
the primary ore; and, in view of its wide distribution in igneous 
rocks, I believe that the lateral migration of manganese into the 
ore under the conditions which generally prevail is very subordinate. 
Though the amount so contributed may facilitate the solution of 
gold, it is probably inadequate to form sufficient higher manganates 
or similar salts to suppress effectively the action of ferrous sul- 
phate. Under such conditions the gold could not travel to the 
reducing-zone below the water level, but would be precipitated 
practically at the place where it had been dissolved. 

6. Concentration in the oxidized szone.—The concentration 
of gold in the oxidized zone near the surface, where the waters 


* Bulletin No. 330, U.S. Geological Survey (1908). 
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remove the valueless elements more rapidly than gold, is fully 
treated by T. A. Rickard in his paper on the ‘*‘Bonanzas in Gold 
Veins." Undoubtedly this is an important process in lodes which 
do not contain manganese, or in manganiferous lodes in areas 
where the waters do not contain appreciable chloride. In the oxi- 
dized zone it is sometimes difficult to distinguish the ore which 
has been enriched by this process from ore which has been enriched 
lower down by the solution and precipitation of gold, and which, 
as a result of erosion, is now nearer the surface. It cannot be 
denied that fine gold migrates downward in suspension; but in 
all probability this process does not operate to an important 
extent in the deeper part of the oxidized zone. If the enrichment 
in gold is due simply to the removal of other constituents, it is 
important to consider the volume- and mass-relations before and 
after enrichment, and to compare them with the present values. 
In some cases, it can be shown that the enriched ore occupies in 
ihe lode about the same space as was occupied before oxidation. 
Let it be supposed that a pyritic gold ore has been altered to a 
limonite gold ore, and that gold has neither been removed nor 
added. Limonite (sp. gr. from 3.6 to 4), if it is pseudomorphic 
after pyrite (sp. gr. from 4.95 to 5.10) and if not more cellular, 
weighs about 75 per cent as much as the pyrite. In those speci- 
mens which I have broken, cellular spaces occupy in genera! about 
10 per cent of the volume of the pseudomorph. With no gold 
added, the ore should not be more than twice as rich as the primary 
ore, even if a large factor is introduced to allow for SiO, removed 
and for such cellular spaces. 

Rich bunches of ore are much more common in the oxidized 
zone than in the primary sulphides of such lodes. They are 
present in some lodes which carry little or no manganese in the 
gangue, and which below the water level show no deposition of 
gold by descending solutions. Some of them are doubtless residual 
pockets of rich ore which were richer than the main ore body when 
deposited as sulphides, but others are doubtless ores to which gold 
has been added in the process of oxidation near the water-table 
by the solution and precipitation of gold in the presence of the 

Trans., XXXI, 198-220 (1901). 
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small amount of manganese contributed by the country rock. 
In view of the relations shown by the chemical experiments it is 
probable that a very little manganese will accomplish the solution 
of gold, but that it requires considerably more manganese to 
form appreciable amounts of the higher manganese compounds 
which delay the deposition of gold, suppressing its precipitation 
by ferrous sulphate. In the absence of larger amounts of the 
higher manganese compounds, the gold would probably be pre- 
cipitated almost as soon as the solutions encountered the zone 
where any considerable amount of pyrite was exposed in the 
partly oxidized ore. From this it follows that deposits showing 
only traces of manganese, presumably supplied from the country 
rock, are not enriched far below the zone of oxidation. 

7. Vertical relation of deep-seated enrichment in gold to chalco- 
citization.—In several of the great copper districts of the West 
gold is a by-product of considerable value. In another group of 
deposits, mainly of middle or late Tertiary age and younger than 
the copper deposits, silver and gold are the principal metals, and 
copper, when present, is only a by-product. But in some of these 
precious-metal ores chalcocite is, nevertheless, the most abundant 
metallic mineral, often constituting 2 or 3 per cent of the vein 
matter. Frequently it forms a coating over pyrite or other 
minerals. Some of this ore, appearing in general not far below 
the water-table, is fractured, spongy quartz, coated with pulver- 
ulent chalcocite. It frequently contains good values in silver, and 
more gold than the oxidized ore or the deeper-seated sulphide ore. 
Clearly, the conditions which favor chalcocitization are favorable 
also to the precipitation of silver and gold. 

The exact chemical reaction which yields chalcocite is not 
known. At 1oo° C., according to Dr. H. N. Stokes,’ the reaction 
with pyrite is probably about as follows: 


5FeS,4+ 14CuSO,+ 12H,O= 7Cu,S+ 5FeSO,+ 12H,SO,. 
In the cold, the reaction may differ in details, but without doubt 
much ferrous and acid sulphate is set free. Attendant reactions 


* Unpublished MSS quoted by Lindgren in Professional Paper No. 43, U.S. 
Geological Survey, 183 (1905), and in Weed’s translation of Beck’s textbook. 
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confirm this statement; for, if calcite is present, gypsum is formed 
by the reaction of H,SO, on lime carbonate; and, if the wall- 
rocks are sericitic, kaolin is formed by the acid reacting upon 
silicates, the potash going into solution as sulphate. The abun- 
dant ferrous sulphate must quickly drive the gold from solution, 
and it apparently follows that there may be no appreciable enrich- 
ment of gold below the zone where chalcocitization is the prevail- 
ing process. 
VI. REVIEW OF MINING DISTRICTS 

1. If gold is more readily dissolved in manganiferous deposits, 
it would be supposed that placers form less readily from pyritic 
manganiferous lodes than from lodes containing no manganese. 
If, in areas where the waters carry appreciable chlorine, placers 
have formed as extensively from such lodes as from lodes free 
from manganese, then the hypothesis fails. 

2. The manganiferous lodes, in areas of chloride waters, as in 
the undrained areas of the Great Basin, should in general show 
less gold at the outcrop and in the upper portion of the oxidized 
zone than below. In silver-gold deposits, however, silver, on 
account of the insolubility of the chloride, may remain, or be 
concentrated, in the oxidized manganiferous zone. Bunches of 
rich gold ore carrying oxidized manganese in the oxidized zone 
are not necesssarily fatal to the theory; for, as already stated, these 
are probably residual from the zone of secondary enrichment. 
An extensive enrichment in gold of the oxidized manganiferous 
ores at the surface, which afe shown not to be residual from the 
zone of secondary ores, would indicate that the selective processes 
lack quantitative value, if the waters carry chlorine, and if the 
primary ores, from which the manganiferous oxidized ores are 
derived, carry appreciable pyrite to supply sulphate. 

3. If in certain lodes gold migrates below the water-table, it 
should be precipitated quickly by ferrous sulphate. But MnO, 
converts ferrous sulphate to ferric sulphate, which does not pre- 
cipitate gold. Hence, MnO, favors the solution of gold, and 
converting the ferrous salt to ferric sulphate removes the pre- 
cipitant. Consequently, if auriferous lodes show enrichment in 
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the deeper zone but related to the present surface of the country, 
the manganiferous lodes should, the other favorable conditions 
provided, show greater differences in values with respect to gold 
than lodes free from manganese. 

Gold provinces of the United States —As Lindgren’ pointed out 
in 1902, the principal gold deposits of the United States may be 
divided into four groups. The deposits of each group belong mainly 
to one metallogenetic epoch, and certain relationships are clearly 
shown. This classification, which has thrown much light on the 
genesis of the deposits, is useful as an instrument for study and for 
comparison of the deposits with respect to the problem of the 
migration of gold in them. 

1. The Appalachian gold deposits, and those of the Home- 
stake type in South Dakota, are the most important representa- 
tives of the oldest group. These deposits generally yield placers, 
are usually low grade below the water level, and are singularly free 
from bonanzas. They are, in general, not greatly leached near 
the surface, and may have been enriched by the removal of other 
material more rapidly than gold. At only one of them, the Haile 
mine, in South Carolina, it is thought probable that gold has 
been carried below the water level. Judging from descriptions, 
practically all of these deposits are free from manganese. 

2. The California gold veins and related deposits in Nevada 
(Silver Peak) and in Alaska (Treadwell, etc.) are younger than 
the Appalachian deposits, and were probably formed in the main 
in early Cretaceous times. These deposits, where physiographic 
conditions are favorable, have generally yielded rich placers. At 
many places, moreover, the ore is worked at the very surface, and, 
there is very little evidence of the migration of gold to the deeper 
zones. In the places where detailed work has been done, rhodo- 
chrosite is never a gangue mineral, although manganese oxide does 
occur in traces in the country rock, and rhodochrosite is found in a 
few places in veinlets in the mining districts but not associated with 
the gold veins. 

3. The deposits of the third group are later than the early 

*“The Gold Production of North America,” Trans., XXXIII, 790-845 (1903); 
“Metallogenetic Epochs,”’ Economic Geology, IV, No. 5, 409-20 (Aug., 1909). 
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Cretaceous, and some of them are probably early Tertiary. 
They are extensively developed in Montana, Nevada, Utah, and 
Colorado. Mr. Lindgren calls this group the Central Belt. Many 
of its deposits have yielded considerable gold, and in certain other 
districts very closely related genetically (Butte, Georgetown 
silver-gold lodes, Cortez Nevada, Tintic, etc.) much gold has 
been obtained as a by-product to copper or silver mining. Some 
of these deposits have yielded placers and some have not. At 
Philipsburg and Neihart, Mont., Georgetown, Colo., and else- 
where, the deposits show a secondary enrichment of silver below 
the water-table. At Philipsburg, and probably at some other 
places, an enrichment in gold accompanies this concentration of 
silver. Some of the lodes of group 3 carry much manganese, and 
some carry none. Present data are meager for most of these dis- 
tricts. The determination of gold from the surface down in a 
large number of deposits would serve as a useful check to the con- 
clusions based upon the chemistry of the processes involved in its 
solution and precipitation. 

4. Group 4 includes the most recent ore deposits in the United 
States. All of them are Tertiary, and most of them are Miocene 
or Pliocene. In general, they were formed relatively near the 
surface, and in some places it is highly probable that not more 
than a thousand feet of vein material has been removed by erosion 
since the ores were deposited. The majority of these deposits 
carry silver, and in many of them its value is greater than that of 
the gold; but they have supplied, notwithstanding, about 25 per 
cent of the gold production of North America. They are typi- 
cally developed in Nevada (Comstock, Tonopah, Goldfield, Tus- 
carora, Gold Circle); California (Bodie); Idaho (De Lamar); 
South Dakota (later than Homestake type); Colorado (Cripple 
Creek, Idaho Springs, Rosita Hills, San Juan, etc.); Montana 
(Little Rockies, Kendall, etc.). Many occurrences in Mexico 
should probably be placed here, also. The deposits of this group 
have not supplied much placer gold. Many of these deposits are 
in arid countries, where conditions for working placers are not 
favorable; but even those in well-watered districts supply rela- 
tively little placer gold. Manganese is abundant in some of 
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these deposits (Comstock, Exposed Treasure, Tonopah); it is 
very sparingly present in others (Little Rockies); in still others 
(Goldfield) it is almost entirely absent. 

A few small placers are associated with the manganiferous lodes, 
although at some places they seem to have been derived from 
veins near by which are not manganiferous. Many of the Cali- 
fornia veins carry rich ore at the very surface, but the Tertiary 
gold veins are generally richer in gold a few feet below the surface 
than at the outcrop. Doubtless, many of them would have been 
overlooked if it had not been for the concentration of horn silver 
and argentiferous pyromorphite at the surface. 

It thus appears that practically all of the manganiferous gold 
deposits of the United States, so far as they have been described, 
may be included in groups 3 and 4; that nearly all described 
deposits where relations indicate a migration of gold belong to 
the same groups; that placers are much less abundantly devel- 
oped than in groups 1 and 2; and that outcrops less frequently 
supply gold; that secondary enrichment below the water-table, 
if carried on at all, proceeds with extreme slowness in groups 
1 and 2, but may be more pronounced in deposits of groups 3 and 
4. Not all deposits of 3 and 4 carry manganese, however, and 
those which do not carry it show relationships more nearly approxi- 
mating those which hold in the California gold veins. The migra- 
tion of gold in the more important auriferous deposits of the 
United States is discussed in some detail-in Bull. 46, Amer. Inst. 
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LOCAL DECOMPOSITION OF ROCK BY THE CORROSIVE 
ACTION OF PRE-GLACIAL PEAT-BOGS 


EDWIN W. HUMPHREYS AND ALEXIS A. JULIEN 


While the layer of decayed rock which once overlay the region 
around New York City has been generally planed off by the conti- 
nental glacier, certain small isolated spots have been noted from 
time to time in which masses of rotten schist still remain. Their 
decay is commonly attributed to weathering action, and their escape 
from the glacial scour at such points, to their probable protection 
by projecting eminences of rock under whose lee they are supposed 
to lie. 

Excavation in schist-An unusually large occurrence of this 
kind has been recently exposed in an excavation for a cellar on the 
east side of the junction of Southern Boulevard and Westchester 
Avenue, Borough of the Bronx, New York City, whose general 
form and dimensions' are shown in Fig. 1. 

The gneissic schists here present the foliation with usual high 
angle, 70° to strike N. 23° E.and S. 23° W. A small anticlinal 
fold crosses the strata, as shown in the diagram (Fig. 1) whose 
axis rums N. 52° E. and S. 52° W. A small overthrow is shown in 
its cross-section at the northern end, and at its southern end it 
pitches to the southwest at an angle of about 30°. The rock con- 
sists chiefly of a fine granular aggregate of quartz, with much 
biotite in minute black scales, and more or less disseminated white 
feldspar. Throughout the western half of the excavation, however, 
many thin seams of pegmatitic gneiss and of gray quartz are 
intercalated, up to nine inches in thickness. 

Pegmatite dike-—A pegmatite dike, about five feet in width, 
nearly vertical, also cuts obliquely through the schists, with a course 
of N. 30° E. and S. 30° W. At many points, small projections or 
apophyses branch out into the schist along its course and are, 

‘We wish to express our indebtedness for these data to Mr. C. S. Shumway, 
superintendent of the Construction Department of the American Real Estate Co. 
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apparently, connected with some of the pegmatitic seams inter- 
calated in the schist. The position of the dike, on the west side 
of the overthrow in the anticline at the north end, suggests that it 
has there acted as an obstacle against the northwestward thrust 
of the beds and so produced the westward distortion of the upper 
side of the fold. The pegmatite itself is an aggregate of grayish 
quartz, white feldspar, and very little mica, of the rather uniform 
medium texture usual in the dikes of the Bronx region, with grains 
rarely exceeding two or three inches. 
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Dike Decomposed Schist Undecomposed Schist 


Fic. 1.—Relative positions of decomposed schist, undecomposed schist, and 


pegmatite dike. 


Decay of schist. —In the eastern part of the excavation, the rock 
was hard and sound, and needed to be blasted for removal. In the 
western, the schist was thoroughly decomposed throughout to an 
undetermined depth, so soft that it was easily removed with pick 
and shovel, bluish to purple gray in color, and in texture passing 
from a gritty aggregate almost to a clay; the latter corresponded 
closely to the glacial clays of similar color commonly found about 
the city. The two tracts, fresh and decayed, were separated by 
an exceedingly sharp contact (the line A-B in the diagram), so that, 
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in the cross-section at the north end (at the point B), the hand 
placed across this line would rest on the left upon the decomposed 
schist, easily dislodged by the touch of a finger, and on the right 
upon the hard fresh rock. This contact is shown in Fig. 2, with 
the decayed schist on the left, and on the right the same rock in 
rugged, hard condition. The trend of this sharp division line was 
N. 28° E. and S. 28° W., approxi- 
mately parallel to the course of 
the dike. However, in the cross- 
section, a few seams of decayed 


rock were noticed to the east of 
this line, descending a yard or 
more into the solid schist. The 
same section showed that the 
upper eroded surface of the schist 
descended from a height of four- 
teen feet at the point B along 
the northeast wall, to a height 
of seven and one-half feet, in a 
distance of fifty-four feet to the 
corner on Westchester Avenue. 
Decay of pegmatite.—A similar 
decay has affected the pegmatite, 


Fic. 2.—Contact of decomposed and 
muchof whose feldsparhaspassed yndecomposed schist. 


into a white kaolinic clay, so 

that this rock also was easily removed by means of the pick. 
Although it is even now much more tough and solid than the sur- 
rounding schist, it appears to have been planed off by the ice at 
about the same level, as shown near the bottom of the cross-section 
(Fig. 3) where the north end of the dike strikes the wall at West- 
chester Avenue. Above it lies a layer of till, and then a slab of 
granitic gneiss. It should be also noted that the decay above 
described is entirely exceptional in this region. For example, in 
another excavation in the schist, a few hundred feet to the north, 
the same schist was found practically undecomposed and sound. 
So also as to the numerous other pegmatite dikes in the Bronx, all 
we have observed are solid and show almost no decay. 
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Glacial deposits.—The layer of glacial deposits, which overlies 
the schist at this locality, as shown in the following generalized 
cross-section along Westchester Avenue (Fig. 4), about fifteen feet 
from the street level to the greatest depth in the excavation, is vet 


to be considered. 


Feet 

Fawn-colored micaceous sand with some trap bowlders 3-5 
Slab of pegmatitic gneiss I 
Gray sandy till, with striated bowlders : 
Slab of pegmatitic gneiss I 
Gray till, rich in micaceous clay i} 
Slab of pegmatitic gneiss 1} 
Gray bowlder clay. . . 4-3 
Slab of pegmatitic gneiss 4-24 
Blue-gray bowlder clay ; 
Slabs of pegmatitic gneiss and Manhattan schist 1} 
Blue-gray bowlder clay. . I 
Decayed schist in place with vertical foliation, intercalated 

with thin seams of pegmatite.......... eee 


The remarkable deposit of ground moraine, which here rests 
upon the upturned edges of the schist, is thus found to consist 
largely, in the two hundred feet of section exposed along the two 
avenues, of a succession of huge, overlapping sheets of granitic 
gneiss separated by layers of sand and till or bowlder clay. 

The gneiss slabs, of which a series of from four to eight are 
shown in any particular part of the section, consist of a rather 
fine-grained granitoid gneiss of constitution similar to that of the 
pegmatite. Their dimensions in cross-section vary from about 3 
to 35 feet in length, and in thickness from 1 to 30 inches or more. 
There was no opportunity to determine their real shape, but appar- 
ently they consisted of flat sheets, often thinning down toward the 
edges to an inch or less. Some show fracture and faulting in place, 
as by the effect of superincumbent pressure (Fig. 5), and occasion- 
ally the extension of such a slab toward its edge into a thin pliable 
sheet, one or two inches thick, reveals a marked curvature as by 
pressure from above (Fig. 6). Toward the bottom of the section, 
they may be accompanied by a few small sheets of fine biotitic 
schist, like that of the underlying rock in place. The granitoid 
gneiss in these slabs shows partial to thorough decay, so that they 
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mark the cross-section by a series of conspicuous, white, kaolinic, 


lenticular bands, contrasting with the intervening layers of dark 


till. 

The bowlder clay 
of these intervening 
layers is very dense 
and compact, some- 
times sandy, some- 
times rich in mica 
and clay, and con- 
tains few pebbles 
and occasional bowl- 
ders up to about two 
feet in diameter, 
which may show 
sharp, glacial striae. 
These consist partly 
of rocks of the vicin- 


planed off by the glacier. 


Manner in which the pegmatite dike was 


ity, quartz from seams, granitoid and hornblende gneiss, etc., and 
partly of rocks from the Palisades on the west bank of the Hudson 


Fic. 4.—Section along Westchester Avenue. 


River, about five 
miles distant, viz., 
diabase, coarse red 
sandstone, indurated 
shale from the con- 
tact underlying the 
trap, etc. Nearly 
all these bowlders 
are hard and un- 
decomposed. 

At several points 
where such a trap 
bowlder rested im- 
mediately upon a 
granite slab, the 


latter was deeply indented, its folia separating and rising a little 
around the bowlder, above the upper level of the slab. Immediately 
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under the bowlder, the folia of the granite showed differentiation 
and deformation as by a crushing force from above; but the lower 
level of the slab 
rarely showed much 
if any depression in 
a direction below the 
bowlder (Figs. 7 and 
8). 

Cause of decay. 
Inseeking toaccount 
for this peculiar de- 
composition in one 
tract of the schist, 
the action of the 
weather barred 
out, on account of 


Fic. 5.—Fracture and faulting shown by one of the 


transported slabs. 
the absence of such 


decomposition in adjoining areas of schist, as well as in the other 
pegmatite dikes of the Bronx region, the absence of concentration 


of iron oxide from 
agencies of mere 
oxidation,’ and the 
sharp line of de- 
markation between 
this tract and the 
unchanged schist. 
All the facts point to 
some agency which 
could produce deep 
local corrosion, and 
the considerable 
leaching shown by 
the removal of iron 
oxide and by the 
residues of white kaolin. The presence of the pegmatite dike 
across the middle of this tract, and its parallelism to the sharply 


Fic. 6.—Curvature produced by pressure on a trans- 


ported slab. 


t Stremme, Zis. f. prkt. Geol., XVI (1908), 128. 
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defined border of the decay on the east, at once suggest its possible 
connection in some way with this chemical action. This might be 
referred to an attack of the schist by the magmatic vapors, ‘‘ the 
post-volcanic gas exhalations” of Weinschenk, accompanying the 
eruption of a dike of acid constitution, but for the entire absence 
of such effect in the vicinity of the tourmaline-bearing granite 
dikes which abound throughout this region. Taking all the facts 
here observed, we conclude that at this locality we find proofs, in 
the deep erosion, solution, and leaching, of the long-continued 
action of humus acids from peat-water, resulting in products which 
correspond to the 
‘“Grauerde” of Ger- 
many, studied by 
Ramann, Wiist, 
Selle, Stremme, etc.' 
It seems probable 
that this deep local 
decay of both gneis- 
sic schists and the 
inclosed pegmatite 
records the continu- 
ous corrosion of an 
ancient _pre-glacial 


peat-bog. The east- Fic. 7.—Showing how a bowlder was forced into one 
ern border of the bog of the transported slabs. 

appears to be marked 

by the sharply defined eastern limit of this decayed tract. The 
wall of impervious pegmatite may perhaps have formed a dam to 
confine the corrosive liquids, as in a vat, along this edge of the 
ancient bog; in such case the limit of corrosion would naturally lie 
parallel to the line of the dam. 

With the prevalent tendency to attribute the formation of the 
original layer of laterite over the northern part of our continent 
mainly or exclusively to weathering by meteoric agencies, there 
seems to have been little recognition of the view above suggested 
in explanation of the local instances of deeper decomposition of 

1H. Zits. f. prkt. Geol., XVI (1908), 251-54. 
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crystalline rocks which have escaped the glacial scouring. It 
therefore may be added that we find abundant evidence of the wide 
distribution of tundra and peat-bogs all over this region, for a long 
period before the advance of the continental glacier as well as since 
its retreat. In the adjoining region, Westchester County, Mather 
recorded, sixty years ago, observations on peat-bogs, covering in 
the aggregate nearly 400 acres. Throughout the Bronx tract, in 
all directions around the locality we have described, we have noted 
many remnants of these, in street and house excavations, which 
have not vet been destroyed by the advances of the great city. 
These now vary 
widely in area and in 
depth. <A few in- 
stances will be pre- 
sented to show that 


this form of chemical 
corrosion must have 
been here an active 
factor in degrading 
even the elevations 
of the rock-surface. 

Thus, along the 
low valley now oc- 


Fic. 8.—Another bowlder that was forced into a slab. cupied by Morris 
Avenue, the depres- 

sion in the glaciated surface was formerly filled with peat, even 
now particularly well shown in the vicinity of 17oth Street. In 
filling in this street with rock, the peat was forced up in places to 
a height of ten feet on each side, and its surface cracked in all direc- 
tions, revealing pockets of fresh-water shells. Thence the bog 
certainly stretched for a quarter of a mile, with a width of several 
hundred feet; while there is evidence of its former extension south- 
ward, probably as far as the Harlem River, and northward for an 
indeterminate, but long, distance. At 178th Street and Honeywell 
Avenue, a peat-bog yet remains and has recently been partially 
excavated, of which the original area, we estimate, must have occu- 
pied several hundred acres along the low valley. Its depth, as 
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proved by driven piles, reached, here, twenty-two feet. The 
bed of this formerly great swamp is now crossed by Daly 
Avenue, Honeywell Avenue, Southern Boulevard, Mapes Avenue, 
and Prospect Avenue. At Daly Avenue near Tremont Avenue, 
the depth of the peat was such that it was found necessary 
for foundations to drive piles forty-five feet in length. Not 
only were the lower grounds so filled up, especially the long 
valley depressions, such as those of the Bronx River, Eastchester 
Creek, Tibbit’s Creek, etc., but thin local sheets seem to have 
rested in the hollows among the rounded hummocks of the glaciated 
upland; these are in part still represented by little marshes, or the 
ponds in the various parks. It appears but a moderate estimate to 
assert that at least one-third of the surface of this region was once 
covered by an almost continuous sheet of fresh-water bog, out of 
which the higher elevations protruded as knobs of forest-covered 
rock. Along the adjoining coast at Hunt’s Point, Bartow, etc., 
these ancient bogs have been since overlaid, during the subsidence 
now in progress, by a sheet of salt meadow, surrounding a large num- 
ber of small scattered islets of now bare outcrops of gneiss and 
granite. 

Further evidence of the early and long activity of organic acids 
in solution, removal, concentration, and deposit of iron oxide from 
the surface of these rocks is afforded by numerous accumulations 
of bog iron ore once found throughout this region as well as over 
Manhattan Island. Though generally small, some of these were 
of sufficient volume to be of economic importance and use two 
hundred years ago. 

Escape of decayed schist from removal by the glacier.—There was 
here no knob or eminence on the northwest for the protection of 
the softened schists from the scour of the ice moving from that 
direction. On the contrary, a low valley lies on that side, which 
we presume was occupied by the peat-bog. The pegmatite itself, 
though softened, probably served long as the main protection of 
the schist, in connection with the pegmatitic branches and seams 
intercalated in the schist in this part of the tract. The next result- 
ing condition was apparently the erosion of this surface of the 
schist in an inclined plane, tending to lift the edge of the ice-sheet 
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up to the surface of the solid rock. The last phase appears to have 
been the plucking-up of huge thin slabs from a mass of thinly 
foliated granite, somewhere in the valley adjoining on the west, 
and their deposit as a ground-moraine over this inclined plane, 
with intervening sheets of bowlder clay, in a kind of natural 
masonry, for further protection of the underlying soft schists. 
Evidences and measure of the superincumbent pressure.—Soft as 
this granite is now found, it is obvious that it must have possessed 
much strength and rigidity at the time of its transport by the ice 
in the form of slabs, mostly from a few inches up to a foot in thick- 
ness, although commonly ten to twenty feet or more in greatest 
extension. The pressure upon them, as well as their rigidity, is 
shown by the frequent fractures and faulting, and the bending of 
thin edges. Still more significant is the crushing of the rock within 
the slabs at the contact with overlying bowlders of trap, which 
have been pressed down into pockets in the granite. In one case 
(Fig. 7) the bowlder appears to have been lifted subsequently some- 
what out of its pit and the clay forced in beneath it. In another 
(Fig. 8) the crushed granite rises around the imbedded bowlder, 
which was eighteen inches in diameter, as if the rock was almost 
plastic, either on account of the great pressure or of its own softened 
condition, or both. We had almost hoped to have found here a 
natural record of the weight of the superincumbent ice, and there- 
fore of its thickness, by estimating the volume of the granite crushed 
beneath the imbedded portion of the bowlder. This was found 
impracticable, from the impossibility of determining the crushing 
strength of the rock at the time of its penetration. However, we 
already possess some measure of the thickness of the ice-sheet in 
this region in the presence of glacial striae, often an inch in depth, 
at points 250 to 300 feet in elevation; e.g., on the edges of the 
gneiss over the summit of Inwood Heights, Manhattan Island, and 
on the trap along the edge of the Palisade escarpment, on the west 
side of the Hudson River. These imply a pressure which could 
hardly have been exerted by a sheet of ice less than 1,000 feet in 


thickness. 


ON THE FOCUS OF POSTGLACIAL UPLIFT NORTH OF 
THE GREAT LAKES 


J. W. SPENCER 
Washington, D.C. 


The first determination of the approximate location of the focus 
of postglacial uplift, based upon the amount of rise found in the 
beaches about Lake Ontario and Georgian Bay, appeared in a 
volume, to which access is difficult,’ and for this reason the passage 
may be cited, as the revision to be given below will be found in 
general conformity with the previous conclusions. 

If the axis of maximum elevation for the various triangles about Lake 
Ontario and Georgian Bay be produced, they meet near latitude 51° N., and 
longitude 743° W., a few miles west of Lake Mistassi and east of the southern 
end of James’ Bay. Although mainly radiating from the focus, the axes of 
maximum elevation for the different triangles are not uniform, and are locally 
modified, as along the western side of Lake Ontario, where there is found a 
secondary axis of uplift to the east. Combining the more western axes with 
those of the eastern end of the lake, another focus of uplift appears near the 
“Height of Land” between Lake Ontario and Hudson Bay, in about latitude 
48° N., and longitude 76° W. From the double foci it may be inferred that 
the uplift reached its maximum along a line joining the foci, or that the axis 
of maximum regional uplift was meridional and located along the eastern end 
of Lake Ontario, increasing in amount until near the ‘Height of Land,” and 
thence with a diminishing ratio, or even depression, towards the north. . .. . 
At any rate, it is in the region southeast of Hudson Bay that the maximum 
differential elevation of the earth’s crust, which involved the Iroquois beach, 
is to be found.? 

Since that time (1889), Gilbert, De Geer, Taylor, and recently 
Goldthwaite have illustrated more or less fully the rise by isobars, 
which is only another mode of expressing the same phenomena, 
while Coleman has redetermined some of the triangles. 

Combining additional measurements obtained from Fairchild 
and Goldthwaite, I have recalculated the mean rise in the various 
triangles from the present heights of the beaches about Lake 


* Transactions of the Royal Society of Canada, VII, sec. iv, 189, read May 5, 1889. 
2 J. W. Spencer, ibid., 189. 
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Ontario and Georgian Bay, The postglacial bulge is like a sheet 
raised by an object thrust under it, the height increasing from out- 
ward from the focus of rise, but we can differentiate it in triangles 


T 
82° 80" Herght 76} of land 
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as originally determined in 1687-88 
and revised in 19/0 


and obtain the mean rate for each. These should cover the sur- 
veyed region, and be as nearly equilateral or right-angular as 
possible. Thus the following results have been obtained. 

The mean rate of rise from the lowest points in the triangles 
and the direction, based upon the height of the Iroquois beach, 
cover the region of Lake Ontario. 
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Triangles between 
Hamilton, Lewiston, and Scarboro,' 2 feet, N. 22° E. 
Lewiston, Rochester, Colborne, Ont., 2.5 feet, N. 17° E. 
Rochester, Sodus, Trenton, Ont., 3.6 feet, N. 10° E. 
Sodus, Rome, east of Watertown, N.Y., 5.5 feet, N. 3° E. 

These lines converge approximately in lat. N. 49° E., and long. 
76° W. With the revised figures, the longitude is found to be the 
same, while the latitude is only 60 geographical miles north of the 
original determination, with the meridian of maximum uplift 
found to be just beyond the eastern end of Lake Ontario as origi- 
nally computed. 

Based upon the rise of the Algonquin beach east of Lake Huron, 
the mean rise in the triangles is found to be: 

Between 

Grand Bend, Southampton, and Rosedale, 1.3 feet per mile, N. 35° E. 

Holland Landing, Wyebridge, and Rosedale, 3.4 feet per mile, N. 23° E. 

Bradford, Owen Sound, Wyebridge, 3.1 feet, N. 27° E. 

Combining the former of these triangles with those about Lake 
Ontario, the lines of rise from Grand Bend, and from Holland 
Landing, converge to the same point as those from Lake Ontario, 
but if the mean rate for the third triangle (which takes in a more 
western equivalent) be used the focus will be in about lat. 48° N. 

Upham, Taylor, and Leverett have found the rate of rise in the 
region to the northwest to be of smaller amount, where Gold- 
thwaite suggests that the rise also somewhat coincides with the 
height of land as found by me farther east in 1888, where the 
maximum amount is computed at some 250 miles north of Ottawa 
City, or a few miles to the west of this meridian. 

The inferences to be drawn from these observations are: (1) 
that until a downward slope shall be found, we should conclude 
that the rise described continues to near the region indicated, 
beyond which the postglacial warping is downward; (2) that 
eastward of the 76th meridian, for any assumed latitude, the post- 
glacial rise disappears and comes to be replaced by a downward 
slope. This is a question that has given the writer much solicitude, 
in an effort to determine the locus of downward warping in the 


*At a point 12 miles east of Toronto. If, in place of this, the elevation at Carl- 
ton (5 miles west of Toronto station) be taken, the line of rise is found to be N. 27° E. 
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field. As the higher beaches have been found by all of us to indicate 
the greatest amount of warping, we should not expect to find a 
great amount in the altitudes of the Champlain marine deposits, 
but we see these recurring at so many points to about 500 feet above 
sea-level, that, upon examining their locations in the St. Lawrence 
Valley, it is noticeable that they occur along segments of the circle, 
roughly speaking, with the radii converging to the vicinity of the 
focus found; while in receding toward Gaspé, New Brunswick, and 
Nova Scotia the marine deposits rise only to lower and lower alti- 
tudes. These data are well known, so that an undue demand on 
the reader’s patience need not be made by their repetition here. 
So also with regard to most of the elevations on the Iroquois and 
Algonquin beaches. Again, the eastern equivalent of the warp- 
ing of the Iroquois, south of Lake Ontario, and in the Mohawk 
Valley, supports the hypothesis of declining postglacial warping in 
that direction, after passing the eastern end of Lake Ontario. 

The question of the location of the line of maximum post- 
glacial elevation radiating from the region mentioned raises several 
points in physical geography; one of these being the explanation 
of the cause of the rise, as due to the disappearance of the glaciers, 
for this locality was hardly the center.of glacial dispersion. This 
idea, however, is here thrown out for others to consider. 


Since these notes were written, the admirable paper of Professor 
Goldthwaite on the “Isobases of the Algonquin and Iroquois 
Beaches’ has appeared. While the treatment of the postglacial 
warping by isobasic lines is scarcely other than a different mode 
from determining the mean rise in the various triangles, yet each 
has a significance of its own. The isobases indicate a regional 
rise toward the Laurentian axis. The triangles carried this rise 
to the “ Height of Land” and show the locus of maximum rise 
north of the Great Lakes. 


NOTE ON THE ACCOMPANYING MAP 
The triangles about Lake Ontario are based on the instrumental measure- 
ments of the Iroquois beach, at the places on the map; those east of Lake 
Huron, on the measurements of the Algonquin beach. Height, at Rome and 
Sodus after Fairchild, of Holland Landing and Rosedale (in place of my Kirt- 
vill) after Goldthwaite. The other points are from my own surveys. 


A GEOLOGICAL ROUTE THROUGH CENTRAL ASIA 
MINOR 


FROM AFIUN KARA HISSAR VIA SIVRI HISSAR, ANGORA, 
SUNGURLU, AND THE MALYA TCHOL TO CAESAREA 


WILLIAM T. M. FORBES, PH.D. 
New Brunswick, N.J. 


The following paper is the summary of a series of notes taken 
in the summer of 1907, in connection with the Cornell Expedition 
to Asia Minor and the Assyro-Babylonian Orient. In a worked- 
over area like most of Europe and the United States, such a series 
of observations, probably somewhat inaccurate because of their 
hurried character, would add little to our knowledge. But in 
central Asia Minor the case is far different. Travel has been 
difficult and travelers are few. The men who have studied the 
geology of even a part of central Asia Minor could be numbered 
on one’s fingers, and but one or two of them had the advantage 
of being trained geologists used to the work and to the country, 
and with the leisure to stop and examine. 

For this reason it is that these notes represent new territory 
in practically their whole length. At certain points only did we 
cross (geologically) known territory. 

The observations were taken from horseback, as had to be 
done under the conditions of travel. It was rarely possible to 
stop to investigate a place or to visit again one that had been 
passed. This must have resulted in some errors, especially as 
the caravan could not carry any great weight of specimens. 

Frequently the rocks were fossiliferous, making their date 
certain, but unconformities were so frequent that it was not 
wholly safe to consider surrounding rocks as of the same date as 
the fossiliferous strata. Specimens were preserved wherever 
fossils were found (the majority were Eocene nummulites). These 
are deposited in the museum at Harvard and a study of them by 
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specialists would certainly result in a more accurate dating of 
many strata. 

Because of the peculiar conditions the description will usually 
follow the itinerary of the party, which was as follows: Afiun 
Kara Hissar,‘ Phrygian Monuments, Aktash Képri, Sivri Hissar, 
Gordium, Polatly, Hammam (Haimané), Giaour Kalesi, Angora 
(Enguri), Assi Yuzgad, Yakshy Khan, Izz-ed-Din, Sungurlu, 
Boghaz Kéi—with a sidetrip to Eyiik—Yuzgad, Medjidié, across 
the Malya Tchél to Bash; Hadji Bektash, Kara Burun, Avanos, 
Inje Su, and Caesarea (Kaisari). At this point the author was 
obliged to leave the party and hurry back to Constantinople. A 
few notes were taken from the train north of Afiun Kara Hissar 
which have been used to help out the map of that section. 

Distances are reckoned roughly in hours (at the rate of a walk- 
ing horse, three miles an hour), as that is the usual unit of measure- 
ment in the country. 

The principal geologist of Asia Minor was Tchihatcheff,? and 
his map remains the only one of much of the country. His work 
is now fifty years old and an experienced modern student would 
doubtless modify much of it. Still to the present time the man 
who has his books at his elbow will not miss very much of what is 
known of the geology of the eastern two-thirds of the territory. 

Yuzgad, and on an even grander scale, Caesarea, are in the 
center of regions which should prove exceedingly interesting. 
The complex resulting from several periods of igneous action 
makes a fascinating puzzle to disentangle. At these points I can 
add almost nothing to Tchihatcheff’s account, but can fully verify 
the existence of the confusion he reports. 

Because of the impossibility of determining the date of most 


‘I have not been entirely consistent in my transliteration of native names of 
places, etc. There is no established method. and two books on the country 
will hardly agree in their methods. J and y (vowel), in particular, represent 
different sounds in Turkish, but they are not sharply defined and I should perhaps 
have used y more freely than I have. The distinction between g and & also generally 
represents a mere difference in Turkish spelling. Q might perhaps have been used 
more freely, following Arabic precedent 

? I follow the spelling of Tchihatcheff’s name as it appears on the title-page of his 
large work—in French. It is spelled differently in the German reports of his travels. 
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of the rocks, they are classified on the maps rather from super- 
ficial characters. I have specially indicated the points where 
fossils have been found. The rocks may be grouped as igneous 
(of various sorts), metamorphic (largely Paleozoic where their 
relationships are known), obliquely stratified (Mesozoic and 
Eocene, especially the latter), and horizontally bedded sedimen- 
taries (Miocene and later as a rule). Thorough tracing-out of 
the relationships of strata and thorough collecting of the fossils 
can alone give a much more accurate knowledge of the dates of 
the various deposits of Asia Minor. 

In connection with the regular archaeological report of the 
expedition I expect to publish this matter in a less technical way 
and with reference rather to its interrelation with the various 
past peoples of Asia Minor and their culture. 

I wish to express my indebtedness to the members of the ex- 
pedition in many ways, and especially to Jesse E. Wrench, who 
did most of the topographic work; also to Professor J. B. Wood- 
worth, under whose direction and advice this report was prepared, 
and to the other authorities of Harvard University who have 
helped me in the matter of books, instruments, etc. 


MOUNTAINOUS PHRYGIA 

Comparatively few notes were taken in this district, and no 
specimens were collected. The substratum of the country is 
metamorphic, appearing as schists along the railroad cut between 
Ihsanié and Diiver (Deuyer), at the entrance to the mountainous 
section southwest of Ayaz In, and in smaller bands east of Yazili 
Kaya. There were also three outcrops in the Sakaria plain, one 
a considerable band at the eastern end of the Yazili Kaya lime- 
stones, and the others east and west of Aktash Képri, as shown 
on the map. Quite as frequently the metamorphic rocks were 
limestones. This was the case along the railroad, north of the 
mapped area for a considerable distance, and also in a large area 
all about Yazili Kaya. 

Overlying the metamorphic rocks are everywhere igneous 


rocks, Neocene in date. These lie in horizontal beds, lavas, or 
tuffs, and are sometimes so rotted as to be indeterminable. Of the 
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same period also are several local deposits of sandstone and con- 
glomerate. These are cut by the railroad near Hammam and 
elsewhere; they form the basis of many of the sculptured rocks 
of the country. More frankly volcanic are the white tuffs of 
Ayaz In, and the lava mesas which make a dominant feature of 
the landscape east of the railroad, and all about Yazili Kaya. 

The lacustrine gravels of the Sakaria Valley approach quite 
close to Yazili Kaya on the east and mark the northeastern bound- 
ary of Mountainous Phrygia. 

As reported by Tchihatcheff and Hamilton the region south of 
the author’s route is of the same character, but the dominance of 
igneous rocks becomes less. The conspicuous volcanic necks of 
Afiun Kara Hissar are well described by Tchihatcheff and others. 


THE SIVRI HISSAR RANGE 

Passing over the lacustrine plains of the Sakaria River for the 
present, we reach the next point of interest in the Sivri Hissar 
Mountains, conspicuous among them Kodja Bel. At this place 
the stratified rocks would seem to belong to the same group as 
those in Phrygia, but the core of the range is a granite (a syenite 
in the popular sense of the word, as it is a fine-grained granite 
with little or no mica). East of Bala Hissar there is an area of 
limestone on the very top of the range, surrounded on both sides 
with the syenite, apparently lifted up on top of it. Near the city 
(Sivri Hissar) there is a complex of metamorphic rocks (schists 
and gneiss), through which the road passes on the east side of the 
mountains. Kodja Bel, a conspicuous peak southeast of the 
city, and the Kaimas peak to the northwest, seem to be similar. 

Tchihatcheff has reported on the northwestern part of the 
range; conditions are essentially the same, an alternation of 
syenite (granite) with various metamorphics. 

GORDIUM AND POLATLY 

The neighborhood of Polatly, unlike the preceding localities, 
has fossiliferous rocks, making it possible to fix this district as 
Eocene. Nummulites are the dominant feature, as elsewhere 
in Asia Minor eocenes. 


GEOLOGICAL ROUTE THROUGH ASIA MINOR 65 


To the west of the Sakaria no Eocene rocks were found in situ, 
but the cairns built by the shepherds are of fossiliferous limestone. 
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Fic. 1.—Sketch of the hills southeast of Gordium, interpreted as a laccolith. 
The stratified shales are indicated with fine oblique hatching; the lower trap is coarsely, 
and the upper trap finely, cross-hatched. The baked layer of the shales is shown 
solid black. Possible faults are indicated. 
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Fic. 2.—Cross-section through ABC. The symbols are the same as in the pre- 
ceding figure. 


Probably outcrops of the rock occur. On the east side of the 
river the lacustrine plain is quite narrow, and is replaced by hilly 
country. This is composed, to the south of Polatly, largely of 
Eocene limestones, but farther north of light-colored (yellow or 
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greenish) shales, which have the appearance of hardly consolidated 
clays. 

There were also many outcrops of a dense igneous rock, necks 
southwest and east of Polatly, and sheets nearer to the village 
and to the northwest. To the northwest, as the plan shows, the 
situation becomes quite complex; in the plan the strata are inter- 
preted as representing a laccolith, with overlying sedimentary 
rocks and flows, sloping away in at least three directions from its 
uncovered core. The eastern part was, unfortunately, passed 
over in the night, so that I cannot say whether the conditions were 
the same on that side or not. Overlying the sedimentary rocks 
was a sheet of lava. This had baked the clay red for the thick- 
ness of about a foot, making a very conspicuous layer.. The red 
color was quite extensive toward the north, east of Gordium, 
so probably the trap sheet had once been much larger, but has 
been eroded off, leaving only the baked brick layer as a memento. 
At present, of course, these deposits can only be marked as “ prob- 
ably Eocene.” 

Hamilton reports similar mixtures of sedimentary and trap 
rocks north of Polatly, in the neighborhood of ‘ Begesch”’ (Bey- 
djez or Beikos ?). 

HAIMANE 

Separated, at least in the line of our route, by a region of recent 
deposits, from the Polatly limestones and shales, there lies to the 
east the strikingly arranged Haimané district. In the immediate 
vicinity of Hammam no fossils have been found, though the 
rocks (shales) look promising enough. At Kaya Bashy there were 
plenty of shells in a limy conglomerate, apparently largely Anomias, 
but they were so much injured in transport that one can hardly 
determine whether the rocks belong with the eocenes of Polatly, or 
with the Jura and Lias which other authors have reported to the 
west of Angora. While Tchihatcheff, who has passed through the 
district at right angles to our route, considers them as probably 
Jurassic, I should incline rather to the other conclusion, especially 
as some of the Polatly nummulites were in quite similar-looking 
rocks. 

At any rate, they are sedimentary deposits, obliquely banded, 
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very brilliantly colored in red and yellow, and rarely obscured by 
plant cover, so that their bedding can be traced for long distances. 
No unconformities were noticed, but the point of transition between 
the shales immediately about Hammam and the calcareous con- 
glomerates and sandstones to the north was not seen. As reported 
by Tchihatcheff these deposits must be very extensive to the 
north of our route; in fact they and others similar dominate the 
formations of central Asia Minor. 

A gorge about an hour north of Hammam, near the village of 
Arif, passes through a mass of much denser limestone, which 
seemed to be conformable to the other deposits, but was very 
different in appearance. It is indicated by heavier hatching on 
the large map. 

Giaour Kalesi is close to the boundary between the series of 
sandstones just described and one of the great plains that make 
the type-landscape of central Anatolia. The boundary runs north- 
east and southwest, and was followed most of the way from Ham- 
mam Merkes to the Hohan Gél. The castle itself, however, is 
on a pinnacle of very different rock, more similar to those which 
wall the gorge at Arif and also to those at Angora and Assi Yuz- 
gad. It may then be of the same period as the surrounding rock, 
or with the Angora series, much older. There was no noticeable 
continuation of it through the surrounding rolling country. All 
the apparently earlier walls of the castle were built of it. The 
stones were small and yet show no great signs of weathering, in 
marked contrast to the condition of Boghaz KG6i, also built of its 
local marble during the same period of history. Less than an hour 
east of Giaour Kalesi is the village of Oyaja, built about the base 
of two trap necks, like a miniature Angora. These, or other 
similar outcrops, furnished the material for the later heaviest 
walls of Giaour Kalesi. 

Looking off from the top of Giaour Kalesi the hills seemed 
spotted with deep green, the characteristic mark a little farther 
east of the serpentines, and here doubtless due to the same cause. 
The spots seemed to have no regular arrangement and perhaps 
marked small volcanic necks, which, being soft, did not project 
above the general level. 
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THE ANGORA DISTRICT 

In the neighborhood of Angora I first came across the confused 
mass of rocks that seems to be typical of the igneous areas of Asia 
Minor. We stopped some time at Angora, and a day at Ortakéi, 
near by, giving rather more opportunity than usual to study 
the conditions. The series that leaves the strongest impression 
with one is a group of schists, extending roughly northeast and 
southwest, alternating between dark schists with hornblende 
or mica, sometimes very dense, and a very friable, whitish type, 
which seemed to have tale or sericite for its foundation (a snap- 
judgment, as there was of course no opportunity to go back). 
Neither of these types had the superficial appearance of stratified 
rock, but the relation of the two schists to each other and to the 
limestone of Elma Dagh convinces me that they were originally 
sedimentary. Tchihatcheff calls the whole system serpentine, 
and considers it igneous. They were apparently interrupted by 
a lava flow from Angora, southeast of the city where Tchihatcheft 
crossed the Elma Dagh, but the clay-slates, ‘*Thonschiefer,”’ on 
the road south from Angora, would seem to belong to the same 
bed; at least they have the same relation to the limestone. 

I crossed the entire width of the schists, going a few rods north, 
and three miles south, from Ortakéi. South of Angora the 
Thonschiefer were of about the same width. 

The marble was traversed in two places, and was also noted 
by Tchihatcheff about half-way between these two, giving a good 
idea of it. It seems to form the whole crest of the Elma Dagh 
and may extend quite a little farther at each end. Hamilton and 
Tchihatcheff’s notes would however seem to indicate that it is 
limited by Jurassic sandstones to the southwest, and apparently 
to the northeast also before reaching the Kyzyl Yrmak. Might 
the coalbeds reported near Kalejik, on the Kyzyl Yrmak, belong 
to the same system? To the north the schists were very soon 
cut off by igneous rocks of various kinds, but Hamilton reports 
both schists and limestones again north of them for some twenty 
miles northeast from Angora. 

The most typical of the igneous rocks are the necks which 
rise in Angora itself. These are of a reddish or purple trachytic 
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porphyry." The tuff which covers large areas east of the city, 
and makes the hill west of it, is made of the same volcanic rock. 
North of Ortakéi there is a long outcrop of the same type of rock, 
apparently here a lava flow, interbedded between two layers of 
late conglomerates, which in their turn have been made up of 
the schists, etc., of the region, and also of a fine-grained sandstone 
evidently not very old. Over the upper bed is a layer of white 
tuff, which one would naturally associate with the trachytes at 
Angora, and over this again a flow of very dark trap of indefinite 
extent. This trap would seem to make all the mountains to the 
north, at least for some distance. There are also dykes of it cutting 
all the earlier beds, and necks of it north and northeast of Ortak@i. 
There is a small neck of the Angora trachyte also penetrating the 
limestone three miles south of Ortak@i. 

To sum up, there seem to have been the following periods of 
deposit: (1) the system of limestones and schists which were 
probably metamorphosed and eroded before the next period; 
(2) the sandstone which formed an element of the conglomerates, 
and so must have had time to become consolidated before the 
date of the eruptions; (3) the eruptions of Angora trachyte, form- 
ing also the white, and porphyry tuffs (during lulls in this the con- 
glomerates north of Ortakéi were deposited by the precursor of 
the Enguri Su); (4) the period of the dark traps. Since the last 
there has been time for the whole lansdcape to be eroded down to 
its roots, leaving even the latest volcanic rocks as necks, and flows 
which have been tilted to decided angles. 

Almost a continuation of the Angora complex is the district 
about Kylyjlar. Just north of Assi Yuzgad there is a volcanic 
mass, apparently a sheet extending northward. Soon after reach- 
ing the hilltop the marbles about Assi Yuzgad, which have domi- 
nated since the last watershed west of the town, are in their turn 
replaced by an area of dense dark volcanic rock, mostly altered 
into serpentine, which extends, with various admixtures, almost 


* Bukowski has studied the igneous rocks of this district at some length. He 
finds the dominant rocks to be a variety of andesite, with quite a number of other 
igneous types, however. So probably the so-called trachyte and trap of the older 
geologists of Asia Minor should often be interpreted rather as andesite. He traces 
the extent of this igneous area to the north. See the Bibliography. 
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to the Kyzyl Yrmak. For the first couple of miles it is inter- 
rupted by several reappearances of the marble. Two of the hills 
south, also, are crowned by later horizontal beds. The dominance 
of the serpentines gives the whole country as far as one can see a 
deep green tint, varying in spots to pale green and to liver-red. 
After crossing a broad alluvial plain without outcrops, and then 
a narrow ridge of volcanic rock similar to the deposits to the west, 
we reach the immediate vicinity of Kylyjlar. 
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Fic. 4.—Index map of Asia Minor. 


On the east slope of the last ridge west of Kylyjlar, there is a 
small outcrop of schist, dipping steeply to the northwest, and 
similar to that east of Angora. Underlying it is a small patch of 
syenite, not indicated on the map, and east of that again a flat- 
topped hill that dominates the whole valley. This hill seems 
to be formed of the serpentines, but is capped with a layer of the 
gray and white Angora limestone, apparently originally continu- 
ous with the beds east of the valley. East of Kylyjlar the domi- 
nant rock is still the same serpentine, but with the denser type 
less common, and more mixed than before with the greenish white 
tuffs (?). For a mile immediately east of the town, however, it 
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is clearly a tuff with large pieces of the dense volcanic rock as a 


foundation. 
Interbedded with this tuff there comes in quick succession a 
series all dipping northeast: in order going eastward, conglomerate, 


Angora limestone, tuff, limestone, tuff again. There is also a very 
conspicuous line of the pale-green rock running south behind Kyly- 
jlar, parallel to the valley. I did not find its contact with the 
stratitied rocks, possibly a dyke of some kind. The marble appears 
in several other places between this district and the Kyzyl Yrmak, 
and also (but here the white crystalline type we found about 
Assi Yuzgad) in a prominent hill just across the Kyzyl Yrmak. 
Two miles east of Kylyjlar the serpentines east of the path are 
replaced by syenite, but they continue south of the syenite, and 
underlie the Neocene rocks for a distance farther. On leaving 
the syenites, now only a long mile from the river, we ourselves 
strike into the Neocene deposits that fill the bed of the river and 
extend indefinitely eastward. The neocenes are an alternation 
of conglomerate, sandstone, and a fine-grained rock like pale- 
brown sugar (perhaps the “saccharine limestone” of Tchihatcheff). 
The latter is well exposed immediately around Yakshy Khan and 


seems to be the top layer of the series. 


SERIES 


THE SUNGURLU 


The section between the Kyzyl Yrmak and the Delidjé Yrmak 
is dominated by Eocene deposits. However, here and there igneous 
masses were seen, and they were probably numerous off of our 
route. Apparently serpentines form considerable outcrops south 
of Yakshy Khan, along the west bank of the Kyzyl Yrmak, 
and about a third way to Izz-ed-Din it again becomes probable 
that the distant rocks to the south are serpentines. An hour 
northeast of this last deposit there is a very conspicuous outcrop 
of syenite, cut from east to west by a crooked gorge which serves 
asa road. Immediately north of Yaghly there is evidently another 
igneous outcrop abruptly cut off to the south by a small brook, 
in a way that suggests the possibility of a fault running northwest 


and southeast. 
East of this line, almost as far as Eyiik, and from there south 
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to Yuzgad, rocks of Eocene facies were constantly in sight, the 
immediate vicinity of Boghaz Kéi making the only serious inter- 
ruption. In the immediate vicinity of Aktché Kéyiin our route 
took us out of this Eocene area into the lacustrine plain which so 
often accompanies the larger rivers of Anatolia. 

The rocks of Eocene facies dip at various angles, and do not 
seem to be entirely conformable. However, as in unquestionably 
conformable series in that vicinity the dips and strikes often 
change very abruptly, I should not dare to say that more than one 
period is represented. One may take, for instance, the case 
sketched here. This is a frontal view of a bluff, past which the 


Fic. 5.—Frontal view of a bluff a short distance east of Alembeyli, showing very 
rapid change in dip of the strata. The stippled layers represent gypsum; the rest is 
sandstone. The road passes through the right-hand depression. (Somewhat dia- 


grammatic.) 


road ran (through the central gap, in fact). The entire part of 
the ridge shown in the figure was but a few rods long, and as one 
can see, the dip of the strata has changed considerably. Actually 
aside from this anticlinal structure the whole series dipped away 
moderately. At this particular point, near Alembeyli, there was 
some tendency for the dips to be moderate and easterly. South- 
west of Aktché Kéyiin the dips of the nearer strata were about 
the same, but some strata were seen dipping at angles of over 45°. 
As already mentioned the two sets appeared uncontormable but 
this may have been because of inability to see the intermediate 
rocks. 

At Sungurlu, at the east end of the village, there is a thin bed 
of plant remains, but they proved too fragile for transport. 


BOGHAZ KOI 


The dominant rock at Boghaz K@i is a marble breccia, with a 
bright red cementing material, making a striking pattern. Occa- 
sionally the marble is more massive, and then may appear either 
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like the Angora or the Assi Yuzgad types, showing that the latter 
two can well be of the same date. 

Mixed all through with these marbles is a serpentine, in which, 
wherever the outcrops are clear, the marble appears to be floating 
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in large blocks. The serpentine is less in evidence immediately 
under the ruins at Boghaz KG6i, but even there the excavations 
have exposed it enough to suggest that the arrangement is the 
same. 

At the point where the dominant limestones give way to ser- 
pentines, as one goes south from the village and the ruins, there is 
an east-and-west bed of a dense siliceous rock that also appears 
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a second time farther south, interbedded with sandstones. In 
both cases the dip is northeast. 

Farther east and up the main valley as far north as Devret the 
rocks and their arrangement are different. Here there are two 
bands of a dark tuff, with fragments of vesicular trap, imbedded 
in sandstone, and the whole dipping to the east. Where we went, 


mirler. 


Fic. 7.—Sketch of a small area near Emirler, just north of Boghaz Kéi, showing 
the relation between limestone and serpentine usual in that district. The hatched 
areas are limestone; the remainder is probably mostly or entirely serpentine, but 


largely covered up. 


as shown on the map, it seems to disappear within a short distance 
under the serpentines. But it probably extends farther to the 
southeast and east, through the area left white on the map. 
North-northeast of Boghaz K6i, the mixture of serpentine and 
marble continues half-way to Eyiik, the serpentine dominating 
for the southern half and disappearing in the northern half. About 
at the point where the serpentine ceases to appear in any quantity 
there are several outcrops of denser igneous rocks. The space 
immediately south of Eyiik is occupied by fine-grained Neocene 
limestones, containing plant remains in poor condition. A little 
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farther west, and more directly north of Boghaz K@6i, there is no 
sign of the limestone or serpentine, but the Eocene ( ?) rocks which 
extend west to Yaghly take their place. 


THE YUZGAD COMPLEX 

Five or six miles south of Boghaz K6i the serpentines and 
limestones again make way for the rocks of Eocene facies, but now 
they are much interrupted by igneous rocks in great variety. 
Our road, the new chaussée, ran at first southeast, over the divide. 
Then we entered the valley of a large stream which flows off to the 
southwest and is followed by the old chaussée. We went upstream 
(to the east) for a couple of miles along one of its tributaries, after 
coming down from the divide along another; and then we turned 
abruptly southeast to cross the very top of Kabak Tepé, the moun- 
tain just north of Yuzgad, by a very complex system of zigzags. 
From the height of land till we left the main valley to climb Kabak 
Tepé, and actually till we were fairly up on the slopes of Kabak 
Tepé, the supposed eocenes make up the mass of the rock. South- 
west of the road about a mile south of the divide there could be 
seen a flat mesa which has been used for “‘cliff-dwellings.”” It is 
probably a tuff or soft trap like the beds so used elsewhere, and 
made a distinctly incongruous note among the other rocks of the 
district. In any case it is Neocene in date, and unconformable on 
the local bedrock. Northeast of the road in the same neighbor- 
hood there are several appearances of granite (probably more 
nearly of the date of the bedrock). At the point of forking of the 
old and new chaussées, where the road ceases to go south down 
one tributary and turns east up the other, there are a couple of 
trap dykes, both small, but perhaps outliers from more extensive 
intrusions to the north. 

A couple of miles south of the valley of the tributary running 
from east to west the supposed eocenes either disappear or else 
change their character entirely under the influence of the many 
igneous rocks, which now become dominant. Of this district one 
can only say that it is a practically inextricable tangle. It is com- 
posed, among other rocks, of granites, dark traps, schists, frag- 
ments of Eocene beds (some containing fossils according to Tchi- 
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hatcheff), tuffs, and Neocene sandstones and conglomerates. Im- 
mediately about the town there are several outcrops of tuff. 

Hamilton and Tchihatcheff report the same types as making 
the entire region west to near the Delidjé Yrmak, and northeast 
for an equal distance. To the southwest, however, after about 
ten miles they gradually give place to neocenes, which extend in 
the main to Hadji Bektash. Tchihatcheff discusses this complex 
with the dolerites. 

Getchi Kalesi, the mountain to the east of Medjidié, in the 
northern part of the Malya Tchdél, is only the culminating point 
in a limestone range, cored with trap, which extends from west 
of Medjidié southeast for a dozen miles. The limestones at several 
points contain Eocene nummulites in quantity. At the point 
where the road traverses this series, south of Medjidié, the eocenes 
are not conspicuous, and the traps are locally interrupted, but 
behind the city, the traps stand up in a series of prominent and 
ragged hills. Even here I have a feeling that the igneous dyke 
is not entirely continuous. A little farther south, and on the other 
side of the path, the igneous rocks appear again in a couple of 
amorphous masses (as seen from a distance), the eocenes remain- 
ing inconspicuous, but Getchi Kalesi itself is of a somewhat differ- 
ent structure. The dyke here seems to be fairly continuous, and 
in general makes the crest of the ridge. Leaning against the west 
side of this is a long series of Eocene limestones, etc., all with dips 
of about 60° to the north. Apparently on the east side of the 
dyke the same facing occurs, and the very highest point of all is 
formed by one of these strata which is continuous across the top 
of the dyke. This very topmost point furnished one of my num- 
mulite specimens, through the kindness of Mr. Wrench. 

A little farther south the village of Mahmatly is situated in a 
very striking gorge, which marks the boundary between a lower 
and a higher level of the Malya Tchél. On the steep sides of this 
gorge, as well as the escarpments that lead up to its mouth, the 
neocenes are interrupted, laying bare the substratum of the 
Tchél, which is evidently of the same system as Getchi Kalesi 
mountain. Half a day’s journey farther south there is a long hill 
a moderate distance west of the road, which again shows the 
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steeply dipping strata of the Eocene series. At one place Vum- 
mulites levigata (Lutétien period of the Eocene) was picked up, 
but not in situ. 


Fic. 8.—Kara Burun and immediate vicinity. The trap is indicated by hori- 
zontal lines, the granite by coarse cross-hatching. Gardens have been shown in 


stipple, indicating the position of springs. 


There are also some smaller igneous outcrops in the neighbor- 
hood of Medjidié, which do not seem to belong to the Getchi 
Kalesi range, in particular a neck of very coarse porphyry some 
five miles northeast of that town and on the other side of the river. 
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The district between the Malya Tchél and the Kyzyl Yrmak 
valley to the south is again apparently eocene in date, resembling 
closely in appearance the Haimané and the vicinity of Sungurlu. 
The very top of the divide south of Hadji Bektash showed no out- 
crops, but the pebbles brought down and the appearance of the 
distant hills would imply that it also had a volcanic core. It is a 
very much more insignificant ridge than Kiepert’s map would 
suggest. 

KARA BURUN 

The village of Kara Burun is located on the east slope of a mesa 
capped with a sheet of hard black trap. This sheet disappears 
abruptly at the north end of the village against a steep bluff of 
much-rotted granite, which in its turn is capped with a second 
sheet of trap exactly similar to the first, but on a higher level. 
The lower level trap, like the upper, seems underlaid with granite. 

East of the upper level, the granite is laid bare in several places, 
but east of the lower level there are no near outcrops. On the 
south boundary of the granite outcrop there is a line of springs 
marked by gardens and villages, of which the first is Kara Burun 
itself. The whole, with the line between the upper and the lower 
Kara Burun traps and the southern boundary of the Eocene deposits 
farther to the east, forms a line nearly parallel to the Kyzyl Yrmak 
river which I have interpreted as possibly a fault. 

East of Kara Burun the Kyzyl Yrmak valley, as far at least as 
Avanos, is filled with a series of almost horizontally bedded neo- 
cenes, more or less tufaceous, which gradually rise as one goes east. 
They are cut off to the south by the valley of the river, and seem 
on the north to end abruptly against the eocenes. Farther to the 
east, as one approaches Avanos, the eocenes appear from below 
and the later deposits make only a narrow cornice against the bluff. 
Some of this*series of beds are more or less water-worn conglomer- 
ates, while others are fine-grained tuffs of very even texture. The 
latter especially have been much used by the troglodytes for 
excavating houses, churches, and tombs. 

South of the river one can see a great confusion of lava-sheets, 
the spaces between which are taken up by vast masses of tuff. 
Occasionally the tufaceous matter would become less noticeable, 
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and they would grade into the usual Neocene conglomerates. The 
trap-sheets hardly appear north of the river, except at Kara Burun. 

Several miles west of Inje Su there is a perfectly flat plain, 
formed by the vesicular surface of one of the trap-sheets. Nearer 
to Inje Su itself a stream has cut a deep gorge in this bed, exposing 
the underlying tuff. 

The district between Avanos and Inje Su is the famous troglo- 
dyte country, which also extends a long distance to the south, to 
the west of Mount Argaeus. In the neighborhood of Urgiib there 
had evidently been at one time a thick layer of fine homogeneous 
tuff. capped with a thin trap-sheet, which though harder than the 
tulf was itself easily weathered and cracked into blocks. Erosion 
has cut this whole district into a mass of cones of tuff, the higher 
ones of which are still capped with small blocks of trap. Between 
these higher ones there are a vast number of shorter cones, whose 
lava caps have fallen off, and which are fast being eroded away. 
When the cap falls off it sometimes finds new lodgment at a lower 
level, and becomes the nucleus of a new shorter cone. Hundreds 
of the cones have been used by the troglodytes for excavating 
houses, and many of these are still in use. Where the country is 
at a little higher level, at Urgiib village, the country is not broken 
up into separate cones, but there is a large mass of tuff, crowned 
by a continuous sheet, and terminated to the north with a con- 
tinuous cliff. The village was originally a system of troglodyte 
houses excavated in the face of this cliff, but most of the houses 
have added built fagades in more recent times. It is still distinctly 
a troglodyte village nevertheless. 

Beyond Inje Su notes were not taken, but the general character 
of the country does not change. Tchihatcheff spent considerable 
time in this district, and gives a long and interesting account of it 
in the section “trachytes”’ of his geology of Asia Miner. 


THE LACUSTRINES 
In this survey I have passed over several sections of the route 
with hardly a word. These are occupied by the characteristic 
Neocene (lacustrine) deposits which seem to cover nearly half the 
surface of Anatolia. They are in general horizontally bedded or 
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nearly so, sometimes fossiliferous—then generally Pliocene—often 
formed of the same materials as the eocenes of their district. 
Still more often they show a more or less characteristic appear- 
ance, and may usually be distinguished by their horizontal bedding. 

In every place where they come in contact with the trachyte 
(andesite) deposits, they grade into their tuffs, and are evidently 
in a general way of the same period. This shows conspicuously at 
Yuzgad and along the Kyzyl Yrmak near Caesarea. 

Here is a list of the places where I found deposits of this type 
to predominate: 

The Sakaria valley near Aktash, and from there to Sivri Hissar. 

The Sakaria valley from Sivri Hissar east to the river at Gordium. 

The country east of Hammam Merkes and Giaour Kalesi. 

The Kyzyl Yrmak valley from Yakshy Khan to Yaghly. 

The region about Eyiik. 

The region beginning just south of Yuzgad and extending the entire length 
of the Malya Tchél almost to Hadji Bektash. 
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THE VARIATIONS OF GLACIERS. XV* 


HARRY FIELDING REID 
Johns Hopkins University 


The following is a summary of the Fourteenth Annual Report 
of the International Committee on Glaciers.’ 


REPORT OF GLACIERS FOR 1908 

Swiss Alps.—Of the ninety glaciers which were measured in 
1908, fifty-three are in undoubted or probable retreat, one is 
certainly advancing, and thirteen are possibly advancing. The 
retreat, therefore, is general. Certain small glaciers have for 
some years shown signs, more or less definite, of advance. Short 
glaciers respond more quickly than long ones to the changes in 
snow-fall, and may make a number of small variations which are 
not indicated by large glaciers.‘ 

Eastern Alps.—aA large part of the observations on the glaciers 
of the Eastern Alps were carried out under the auspices and at 
the expense of the German and Austrian Alpine Club. 

The general retreat was dominant between 1907 and 1908, as it 
has been for several years past. Only a single glacier, the Wansee- 
ferner, in the Oztetal, has advanced; its advance amounted to 15 
meters. The other glaciers showed retreats amounting in some 
cases to 23 meters.‘ 

Italian Alps.—The observations of the Italian glaciers were all 
the results of private enterprise. All the glaciers observed on the 
south side of the Alps were apparently in retreat, except possibly 
a few in the Maritime Alps, which, seen from a distance, had appar- 
ently enlarged slightly; but this observation is doubtful.s 

French Alps.—Many observations on the snow-fall and varia- 

* The earlier reports appeared in the Journal of Geology, Vols. I1I-XVIT. 

? Zeitschrift fiir Gletscherkunde (1910), IV, 161-76. 

3 Report of Professor Forel and M. Muret. 

4 Report of Professor Briickner. 


5 Report of Professor Marinelli. 
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tions of glaciers were made under the direction of the Minister of 
Agriculture. 

During the winter of 1907-8, the amount of snow-fall was regis- 
tered in twenty-seven stations in Savoy; although the snow-fall 
was less than in the previous year, still the total amount was fairly 
large. The maximum does not increase with the altitude, as the 
altitude becomes high; but the observations along this line are 
still incomplete. 

On Mont Blanc the Glacier de Bionnassay, which between 1906 and 
1907 had advanced 38 meters, in 1907-8 advanced 17.5 meters farther. 
The three other glaciers observed in this region had all retreated. 
The retreat of the Glacier du Tour amounted to 52.5 meters. In 
the Maurienne three small contiguous glaciers made a slight ad- 
vance; a fourth glacier, not far distant, had retreated markedly." 

P yrenees.—A number of glaciers observed in this region showed 
a tendency to a slight advance." 

Swedish Alps.—The retreat of the glaciers of Lapland, noticed 
since 1900, has been confirmed. During the summer of 1908 sig- 
nals were placed near many glaciers which will lead to more definite 
results in the future. 

Norwegian Alps.—The glaciers of the Jotenheim are in marked 
retreat, whereas those of the Jostedal and Folgenfon, nearer the 
coast, show an equally marked advance, the variations between 
1907 and 1908 amounting in some cases to about 30 meters.’ 

Canada.—The Illecillewaet Glacier retreated about 4o feet 
between 1907 and 1908.3 

Himalaya.—Although no new observations have been made, 
there are indications that since the survey of 1872-75 the glaciers 
of Garhwal and Kashmir have retreated considerably.* 


REPORT OF THE GLACIERS OF THE UNITED STATES FOR 1g0Q° 
Hallett Glacier, Colorado, shows no change between 1908 and 
1909 (Mills). 
* Report of M. Rabot. 3 Report of Mr. Vaux. 
? Report of M. Oyen. 4 Report of Mr. Freshfield. 
> \ synopsis of this report will appear in the Fifteenth Annual Report of the Inter- 
national Committee. The report on the glaciers of the United States for the year 
1908 was given in this Journal (XVII, No. 7, pp. 667-71). 
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The glaciers of Mt. Hood, Oregon, show a marked recession 
since 1906 and they have also decreased in thickness. The White 
Glacier has receded about 400 meters; Sandy Glacier 100 to 200 
meters; Reid Glacier 50 to 100 meters, and Zig-Zag is hardly 
more than an ice-bank. The glaciers on the north side of the 
mountain, as seen from the summit, also seemed reduced in size 
(Montgomery). 

Lyman Glacier, near Lake Chelan in central Washington, is 
still diminishing (Rusk). 

Mt. Baker, Washington, the most northerly of the great vol- 
canic cones which rise above the Cascade Range, was surveyed 
during the summer of 1909 by the United Stated Geological Sur- 
vey, the party being under the direction of Mr. J. E. Blackburn. 
Mt. Baker, 10,745 feet high, is covered with ice and snow above an 
altitude of 5,000 feet, divided into a few separate masses by narrow 
ridges of rock. 

At the lower levels glacier tongues develop, some of which 
extend to as low an altitude as 3,500 feet. Seven glaciers have 
been given names, the Roosevelt, Mazama, Wells Creek, Sholes, 
Park, Boulder Creek, and Nooksack. The last has not been 
fully explored and may later be divided and receive several names. 
The ice of these glaciers is especially broken up by large and numer- 
ous crevasses. The crater of the mountain, from which steam is 
still escaping, is about 1,000 feet below the flat snow-covered sum- 
mit. The moraines in front of the glaciers’ ends and the polished 
and grooved rock along their sides show clearly that they are 
retreating and d minishing in volume. 

Fifteen miles northeast of Mt. Baker rises the spire of Mt. 
Shuksan, 9,038 feet; a glacier on ts wes ern side breaks over a 
cliff and the ice collects to form a reconstructed glacier at a lower 
level; this glacier then falls over a second cliff and forms a second 
reconstructed glacier still lower down (Blackburn). 

The United States Coast and Geodetic Survey has published a 
map of Glacier Bay, and the surrounding area, on a scale of 1/160,- 
ooo, from surveys made in 1907.’ It is interesting to compare this 
map with the earlier one published by the survey in 1899.7, The 


* It is numbered 8306 and was published in January, rgto. 


2 No. 3095. 
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latter was based on surveys made by Reid in 1892, with additions 
taken from the surveys of the United States Coast and Geodetic 
Survey and of the Canadian Boundary Commission between 1884 
and 1895. At the first glance one is struck by the smaller area 
covered by the ice, and the correspondingly greater area of bare 
rock; for instance, the ridge between Casement and McBride 
glaciers was broken in the earlier map by many arms of ice con- 
necting the two glaciers; the later map shows this ridge as 
continuous and much broadened. Similar changes are noted in 
other parts of the map. This indicates not merely the melting 
of small connecting arms of ice, but also a general lowering of 
the whole surface of the ice. Dying Glacier at the head of Tidal 
Inlet has entirely disappeared, and Dirt Glacier, immediately east 
of Muir Inlet, is not represented on the later map. I am inclined 
to think that this glacier has not completely melted, but that its 
very thick covering of moraine has masked its character. Large 
areas of rock are free of the ice which covered them in 1892. 

The ends of the tide-water glaciers have receded greatly (as 
noted in earlier reports of this series) and allowed the inlets to 
penetrate farther into the land. 

The end of Muir Glacier has receded and divided into two 
parts, separated by the rocky island which appeared as two dis- 
tinct nunataks in 1892 about 3 miles from the ice-front. To the 
north the glacier has receded 8.5 miles. The ice surrounds the 
water on three sides; bergs are discharged most actively at the 
northern end of the inlet. To the east the glacier has receded 
3 miles and ends in a sloping surface just reaching the water. 
(Since 1907 this portion has receded still farther and now rests 
on a sandy beach, where it is forming a terminal moraine 
Dunann.) 

The total increase in the area of the inlet between 1892 and 
1907 Was Ig square miles. 

Carroll Glacier does not seem to have receded, but the Rendu 
has retreated about half a mile. Grand Pacific Glacier has receded 
74 miles, almost as much as the Muir, and its inlet has increased 
by 14 square miles. Johns Hopkins has receded 3 miles, increasing 
its inlet by 5} square miles, and separating from one of its southern 
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tributaries, which becomes an independent tide-water glacier. 
Reid Glacier seems to have receded about 3 mile. 

In 1892 Hugh Miller Glacier attained tide-level at two termini; 
one, on the north, barely reached the water and had a sloping 
surface; this has retreated about half a mile. The other terminus, 
on the east, was divided by a rocky mass, north of which the ice re- 
sembled the northern terminus but south of which it ended in a cliff 
discharging bergs. The northern part of this terminus has receded 
about one mile and has uncovered much rock, about 1} square 
miles; the southern part has receded about 13 miles and the inlet 
has increased by about 2 square miles. Charpentier Glacier has 
receded about 15 miles and its inlet has increased by one square 
mile. Geikie Glacier has receded about ~ mile and Wood Glacier 
has greatly diminished in size, though it still seems to reach tide- 
water as in 1892 without an ice cliff. The total increase in the 
area of Glacier Bay, as the result of the recession of the glaciers, 
amounts to about 50 square miles. 

Professor Ralph S. Tarr has published a detailed account of 
the Yakutat Bay Glaciers, with’ many illustrations and maps, 
which includes all information regarding these glaciers available 
at the end of 1906." The remarkable advance of some of these 
glaciers in the interval between Professor Tarr’s visits to them in 
1905 and 1906 are carefully considered and ascribed to extraordi- 
nary supplies of snow shaken down from the mountains by earth- 
quakes in 1899.2. This very excellent monograph can receive only 
a cursory notice here. Professors Tarr and Lawrence Martin 
organized an expedition under the auspices of the National Geo- 
graphic Society to revisit Yakutat Bay and Prince William Sound 
in 1909. Professor. Martin has sent me the following outlines of 
the results of this expedition: 

The National Geographic Society’s Alaskan Expedition of 1909 in charge 
of R. S. Tarr and Lawrence Martin observed the following variations of 
glaciers. 

In Yakutat Bay Hubbard Glacier seemed to be beginning to advance more 

*“The Yakutat Bay Region, Alaska,” U.S. Geological Survey, Professional 
Paper No. 64, Washington, 1909. 

* Mentioned in an earlier report of this series (this Journal [1908], XVI, 54-55). 
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rapidly; Lucia Glacier was advancing rapidly and overriding a nunatak after 
semi-stagnation since before 1890; Hidden Glacier had advanced 3 kms. in 
less than 3 years and had returned to semi-stagnation; Nunatak Glacier 
was continuing the retreat in progress since 1890, having retreated over } 
km. since 1906 or nearly 5} kms. since 1895; Turner Glacier had advanced 
slightly since 1906. The Variegated, Haenke, Atrevida, and the Marvine 
lobe of Malaspina Glacier had ceased the spasmodic advance which Tarr 
observed in 1906 and explained, not as climatic, but as part of a glacier flood 
due to earthquake avalanching. Haenke Glacier, which advanced and became 
tidal between September, 1905 and June, 1906, had retreated before 1909 so 
that it no longer discharged icebergs, being fronted by a low gravel cliff. It 
was once more mantled with ablation moraine, as were large parts of Varie- 
gated and Atrevida glaciers and the Marvine lobe of Malaspina Glacier. 
Our party easily crossed Variegated and Atrevida Glaciers in 1909 in the parts 
most impassably crevassed in 1906. The advance of three additional glaciers 
between 1906 and 1909 and the quick return to semi-stagnation in 1909 of 
the four that were rapidly advancing in 1906 gives additional proof of the 
earthquake-avalanche hypothesis for certain variations of mountain glaciers. 

On the lower Copper River the Miles, Childs, and Baird glaciers were, 
in 1909, in about the same conditions as when they were seen by Abercrombie 
in 1884, by Allen in 1885, by Hayes in 1891, and by Schrader in 1g00. Parts 
of Miles and Baird glaciers have been stagnant and forest-covered for at least 
twenty-five years. Five miles of railway track has been laid on Baird Glacier. 
Childs Glacier seems to be advancing and forcing Copper River eastward, 
according to Johnson. The rate of movement near its northern margin in 
July, to09 was about 4 feet a day. During the last half of July, 1909, abla- 
tion lowered the surface of Childs Glacier at the rate of 7 inches a day. 

In eastern Prince William Sound, Valdez Glacier is retreating, as it has 
been since 1898 excepting the slight advance between 1905 and 1908 recorded 
by Grant. Shoup Glacier has been retreating since 1898 except for a slight 
advance, perhaps, in the spring of 1909. Columbia Glacier was continuing 
the advance observed by Grant in 1908 and early in July, 1909. The eastern 
margin had advanced, before August, 1909, making a decided lobation, but 
not reaching the forest along the whole margin. The western margin had 
advanced more than 800 feet up to the forest of Gilbert’s maximum of 1892, 
as was also the case at Heather Island where the middle of the glacier was 


destroying the forest in August, 1900. 
The United States Geological Survey has published a bulle- 
tin' containing a short account of the glaciers of the Wrangell 
' F. H. Moffit and Adolph Knopf, “The Mineral Resources of the Nabesna- 


White River District, Alaska, with a Section on the Quaternary by S. R. Capps,” 
U.S. Geol. Survey, Bull. No. 417, Washington, tgto. 
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Mountains, Alaska, and a topographic map of the region; and 
from it we draw the following information: 

A very important feature of the Wrangell Mountains is the great ice cap 
that occupies the crest of the range and that has its greatest development in 
the region around Mount Wrangell. From the periphery of this great feed- 
ing ground valley glaciers extend in all directions down the more important 
drainage lines. 


The Nabesna and the Chisana are by far the largest of these 
glaciers. The former is about 55 miles long and has an area of 
about 400 square miles. The latter is 30 miles long with an area 
of 135 square miles. There are many smaller ice tongues, and 
even small glaciers independent of the main ice cap. 

The St. Elias Mountains, south of White River, are snow-capped in much 
the same way as the Wrangell Mountains. Most of the mountain range is 
unexplored, however, and the extent and area of the ice field is unknown. 
All the more important tributary valleys to the north are occupied by valley 
glaciers, the largest and best known of which is the Russell Glacier, at the head 
of White River. The main lobe of ice in the head of the White Valley is 
between 6 and 7 miles long and about 23 miles wide, and most of the ice moves 
in a northeast direction. A small crescentic lobe, however, moves westward 
into the head of Skolai Creek. 

Formerly the glaciation was much more extensive, but very 
little information is available to determine what changes are 
taking place at present. In 1891 the western terminus of Russell 
Glacier was a smooth slope, but in 1909 it was a wall of ice from 
25 to 75 feet high. This certainly indicates an advance of the 
ice, but at the northeastern terminus the ice passes into the moraine 
without a clear line of demarkation, indicating a slow, gradual 
retreat. The Nizana Glacier was formerly crossed by prospectors 
going to the White River region, but it has become so crevassed 
as to be practically impassable, which suggests an advance of 
the ice. 
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Testing for Metallurgical Processes. By JAMES A. BARR. San 
Francisco: The Mining and Scientific Press; London: The 
Mining Magazine, 1910. Pp. 216. $2.00 delivered. 

This book, which is based on a course of lectures given by Mr. Barr 
at the Michigan College of Mines, is a laboratory manual for the student 
of metallurgy and for the mining engineer. The treatment differs from 
that of the textbooks on metallurgy in that the methods for testing are 
fully treated and minute details for many of the operations are given. 
It is designed not to take the place of the textbooks on metallurgy but 
to supplement them. The subjects treated include amalgamation, 
chlorination, cyaniding, concentration, smelting, calculation of lead 
and copper slags, cost data, etc. The treatment, while condensed, 
is exceptionally clear. The work should be appreciated by students, 
mining chemists, and engineers. W. H. E. 


Economic Theory with Special Reference to the United States. By 
HernricH Ries. 3d ed. New York: Macmillan, 1g10. Pp. 
559. 

The third edition of this work is revised and greatly amplified. 
The treatment of the non-metallic minerals, which covers about 300 
pages, is well arranged, and the data are clearly presented. The coal 
fields of the United States are described in considerable detail and the 
occurrences of other hydrocarbons are mentioned or briefly described. 
Chapters are devoted to building stones, clays, limes and cements, 
salines, gypsum, fertilizers, abrasives, minor non-metallic minerals, and 
underground waters. The illustrations and text figures are well chosen 
and clearly executed. The references are numerous, but are placed at 
the end of each chapter, a practice which, though saving space, renders 
them less accessible to the reader or student. The treatment of the 
metals is superior to that of previous editions. Although the book is 
intended primarily as a text, it should serve a useful purpose as a work 
of reference to the engineer or geologist who wishes general information 
regarding the occurrence and uses of certain minerals and the literature 
of the subject. W. H. E. 
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The Geology of New Zealand. By JAMES Park, Professor of 
Mining and Mining Geology in the University of Otago. Pp. 
488, with 145 illustrations, 27 plates, and a colored geological 
map. London: Whitcombe & Tombs, Limited, rgr1o. 

This new work is welcome to the geologic reader because it gives 
in organized, systematic, and relatively brief form a general view of 
the geology of a country whose geologic literature is otherwise scattered 
and to most geologists not readily accessible. It must also be acceptable 
to the teachers and students of New Zealand in that it gives them a 
view of geological history founded on the formational record of their 
own land. The work combines some of the features of a synoptic 
governmental report with those of a textbook. It was written originally 
for the Department of Mines, but only a part of it was published by 
the government—a fact which probably accounts for a seemingly dis- 
proportionate treatment of certain topics as compared with others, and 
also some lack of continuous progression under the control of a well- 
chosen scheme. 

Detailed descriptions of the various formations comprise the first 
portion of the work. Each series is discussed first under the head of 
distribution, thickness, and age; then the faunas and floras are taken 
up, followed by the economic minerals and the igneous activity of the 
time. As might not unnaturally be expected in a country where even 
today the glaciers are such splendid spectacles, the Glacial Period has 
received much fuller treatment proportionately than the other periods. 
In an interesting discussion upon the excavating power of glaciers, the 
assertion is made that it is certain that ice can only excavate its bed 
when the pressure of its mass exceeds the ultimate crushing strength of 
the bed rock, and that the pigmy valley glaciers of today are incapable 
of excavating their beds. That glaciers, even those of the small valley 
types, may be active eroding agents seems to find much less favor with 
the English school of geologists than with the American. 

The last portion of the book is devoted to economic geology. Natu- 
rally the greatest emphasis and fullest treatment are given to the very 
extensive coal fields and the important gold deposits, both of which have 
long attracted notice. 

A very welcome feature of the book is the closing chapter, which 
presents a complete bibliography of the geology of New Zealand cover- 
ing 56 pages. This book places the principal facts of New Zealand 
geology at the disposal of any geologist who reads English. 
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To pologie. Etude du terrain. Par le GéNERAL BERTHAUT. 2 
vols., quarto, pp. 674; 265 full-page topographic maps; 65 
text figures. Paris: Service Géographique de l’Armée, 19009. 
This title covers a masterly philosophical treatise upon the evolution 
of land forms. The presentation is founded upon a thorough analysis 
of the geologic agencies which co-operate to form and to alter the surface 
features. The different classes of topographic features are described 
in the light of the various deformative and physiographic processes to 
which they owe their origin. These processes are taken up successively, 
and as the peculiarities and characteristics of the resulting topography 
are minutely described, they are vividly illustrated by the introduction 
of topographic maps. The subject is further developed from a discussion 
of these maps, which are so numerous as to constitute one of the leading 
attractions of the work. Most of the maps are selected from the topo- 
graphic surveys of France and the French possessions in North Africa, 
with occasional sheets from the Swiss Alps, Norway, and the United 
States. 
La sécurité dans les mines. Etude pratique des causes des accidents 
dans les mines et des moyens employés pour les prévenir. 
By H. Scumerper. Paris: Ch. Béranger, éditeur, 
Pp. 659; figs. 589. 

Now that the people of this country have been awakened to the need 
of greater safety in coal mining and efforts are being made to better the 
mining conditions, this new work on the engineering phase of the problem 
is very timely. It should be understood, however, that the geological 
and strictly scientific aspects of the problem of mine explosions scarcely 
enter at all into the author’s treatment and hence the book contains little 
of interest to geologists as such. But as an engineering work, which in 
truth is all that it attempts to be, it is an admirable treatise. 


Leading American Men of Science. Edited by Davin STARR 
Jorpan. New York: Henry & Holt Co., 1910. Pp. 471, 
with 17 portraits. 

This volume is made up of biographical sketches of seventeen men 
of the past selected as leaders in American science by a zodélogist of 
eminence. The selection embraces an astronomer, a chemist, a geolo- 
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gist, four zodlogists, two ornithologists, two paleontologists, one 
anatomist, one botanist—ten out of the seventeen from the biological 
group—and four physicists. The individuals chosen and the authors 
of the essays are as follows: 

Benjamin Thompson, Count Rumford, Physicist. By Edwin E. Slosson. 

Alexander Wilson, Ornithologist. By Witmer Stone. 

John James Audubon, Ornithologist. By Witmer Stone. 

Benjamin Silliman, Chemist. By Daniel Coit Gilman. 

Joseph Henry, Physicist. By Simon Newcomb. 

Louis Agassiz, Zodlogist. By Charles Frederick Holder. 

Jeffries Wyman, Anatomist. By Burt G. Wilder. 

Asa Gray, Botanist. By John M. Coulter. 

James Dwight Dana, Geologist. By William North Rice. 

Spencer Fullerton Baird, Zodlogist. By Charles Frederick Holder. 

Othniel Charles Marsh, Paleontologist. By George Bird Grinnell. 

Edward Drinker Cope, Paleontologist. By Marcus Benjamin. 

Josiah Willard Gibbs, Physicist. By Edwin E. Slosson. 

Simon Newcomb, Astronomer. By Marcus Benjamin. 

George Brown Goode, Zodlogist. By David Starr Jordan. 

Henry Augustus Rowland, Physicist. By Ira Remsen. 

William Keith Brooks, Zoédlogist. By E. A. Andrews. 


Students of geology will be most interested in the lives of Dana, 
Marsh, and Cope, the leading events of whose fruitful scientific careers 
are clearly set forth. 


Geology and Ore Deposits of Republic Mining District. By JosEPH 
B. Umpresy. Washington Geological Survey, Bulletin No. 1. 
Pp. 65; figs 5; pl. 13. Olympia, 1910. 

Physiographically the Republic mining district in northeastern 
Washington appears to be an extension of the Interior Plateau of 
British Columbia and to be allied in Tertiary history with it. At the 
same time it seems to belong to a different physiographic unit from the 
central Cascades. 

The oldest rocks exposed in the Republic district are metamorphic, 
and are provisionally assigned to the Carboniferous. In early or 
middle Mesozoic times there occurred great batholithic intrusions of 
granodiorite. Following these came a great period of erosion lasting 
until the middle of the Tertiary. During this time there was developed 
an Eocene peneplain which was lifted and trenched before the end of 
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the Oligocene. The rocks next in order are dacite flows of Oligocene 
age. The remaining Tertiary history is written in several periods of 
igneous activity—andesite flows, intrusive latite porphyries, and a 
basaltic eruption during the Pleistocene. 

The total bullion production of the camp since the first discovery 
of ore in 1896 has been about $2,000,000, of which approximately go 
per cent has been gold and the remainder silver. The veins are thought 
to be genetically related to the latite porphyry intrusion and are made 
up of quartz, chalcedony, opal, calcite, and adularia, carrying incon- 
spicuous amounts of pyrite and possibly gold, in association with anti- 
mony, sulphur, and selenium. 

Though the deposits at Republic are not altogether like any others 
known in the United States, they most closely resemble the lodes of the 
Great Basin province. Their striking feature is the great amount of 
selenium in the ores, and they are thus best correlated with Tonopah 
and Goldfield, the only other camps in the United States known to pro- 
duce selenium ores. 

The report closes with a detailed description of the principal mines 
of the district, of which the New Republic mine is easily the leader. 


Notes on Explosive Mine Gases and Dusts with Special Rejerence 
to Explosions in the Monongah, Darr, and Naomi Coal Mines. 
By Rottin THomMaAs CHAMBERLIN. U.S. Geol. Surv. Bulletin 
333. 

The results of a series of experiments carried out by the author throw 
new light on the nature of the explosive material and on the conditions 
governing explosions in coal mines, and should be of great practical, as 
well as scientific, value. As soon as possible after the explosions in the 
mines mentioned, samples of the mine atmosphere were collected and 
analyzed. Another series of experiments was carried out to determine the 
probable condition of the gas in the coal, whether (1) imprisoned in minute 
cavities, (2) occluded or dissolved in the substance of the coal, or (3) the 
result of slowly operating chemical processes. ‘This was done by studying 
the rate of liberation of gas (1) from coal bottled in vacuum, (2) from 
crushing the coal, and (3) from heating the coal. A careful study was 
also made of the position and nature of the dust in passage-ways and on 
timbers in the mines after the explosions. 
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It is concluded that if methane were the sole explosive gas, only local 
explosions near the face of the coal could result. Coal dust is present, 
however, in large quantities and can under proper conditions become 
explosive. The chief restraining agent on dust explosion is dampness, and 
the presence of a high proportion of non-combustible shale dust. A great 
reduction of the moisture in mine atmospheres results from the incoming 
of cold air at the beginning of winter, and it is observed that most of the 
great explosions have been at that time. 

It is a general belief that old dust exposed for a long time to the air 
is more dangerous than fresh dust, but the author shows by experiment 
that this belief is erroneous, and that fresh dust is the more explosive. 


E.R. L. 


Reconnaissance oj the Book Cliffs Coal Field between Grand River, 
Colorado, and Sunnyside, Utah. By G. B. RicHarpson. U.S. 
Geol. Surv. Bulletin 371. 

The field forms a part of the south rim of the Uinta basin, around whose 
margin the outcrops of coal-bearing rocks can be traced for more than 
five hundred miles. Three formations of Cretaceous rocks are mapped: 
the Dakota sandstone lying unconformably on Morrison beds, the Mancos 
shale of Colorado and Montana age, and the Mesaverde formation which 
is overlain unconformably by Wasatch beds. The Mesaverde is partly 
marine and partly non-marine, the marine part showing close similarity to 
the upper Mancos shale and the non-marine to the Laramie. The age 
is placed as pre-Laramie, the Laramie epoch being supposedly represented 
by the unconformity above. 

Coal of good quality occurs in the lower part of the Mesaverde forma- 
tion in some localities. Several beds are present,-but no single bed has 
been traced for more than a few miles. The coal of the region is little 
developed. 


E.R. L. 


Cenozoic Mammal Horizons oj Western North America. By HENRY 
FAIRFIELD OsBorNn, with Faunal Lists oj the Tertiary Mammalia 
oj the West by MattHew. U.S. Geol. Surv. 
Bulletin 361. 

This report is primarily a correlation of the mammal-bearing horizons 
of the Cenozoic with one another and with those of Europe, with a brief 


characterization of each horizon. In the Tertiary, six faunal phases are 
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recognized, containing eighteen subdivisions, while a seventh phase belongs 


to the Pleistocene. Three faunal phases containing seven subdivisions 


belong to the Eocene, the fourth phase, containing seven subdivisions, 


extends through the lower Miocene, the fifth phase extends through the 


middle and upper Miocene, and the sixth through the Pliocene. The 


conclusion is that North America promises to give a nearly complete and 


unbroken history of the Tertiary in certain regions, though much work 


still remains to be done. The chief remaining gap is now in the Pliocene 


stratigraphy. 


E. R. L. 
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